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Abstract 
Artisanal and small-scale mining (ASM) is a growing industry sector employing 20 to 30 million 
people worldwide. In the Philippines ASM activities are an important source of employment and a 
significant contributor to the country’s economy. However, ASM activities are also the source of 
health, safety and environmental (HSE) issues that impact people at work, in the home, and in 
communities. HSE risks can be reduced depending if mercury-free technology is introduced, 
implemented and accepted in key Philippine ASM provinces. 
 In this study, risk factors that affect the technology implementation process are identified 
using the risk perceptions of key stakeholders who can have a significant influence on the 
acceptance of technology through their roles. The risk perceptions were collected from the 
technology experts that shaped the technology design and construction, from the technology end-
users – the AS miners who will determine the technology acceptance and assimilation, from 
government representatives and advocate groups who influence the sustainability of the technology 
in terms of its function to society as a whole. 
 Key contributions of this study include the development of an appropriate methodology to 
produce evidence-based insights into prevalent and important stakeholder risk perceptions 
associated with the introduction of cleaner gold processing technology in ASM communities in the 
Philippines. Data was collected on-site from three ASM areas in the Philippines and from 
stakeholders comprising technology developers, national and local governments, advocate groups, 
local communities and AS miners using interviews and surveys. The three ASM areas studied were 
Benguet, Agusan del Norte and Compostela Valley. The range of risks identified come from the 
categories of political, HSE, economic, social, and technological. Different risk perceptions were 
elicited for a mercury-free gold processing technology with the relevance and relative importance of 
these risk perceptions across the different stakeholder groups validated using comparative analysis 
and descriptive statistics. 
 There were two main outcomes from this study. First it developed a method for eliciting and 
visually representing risk perceptions that can impact stakeholder acceptance of proposed 
technology implementation. Second, it demonstrated a better understanding of the range of risks 
that are affecting the implementation of cleaner technologies and how this understanding could be 
used to promote its adoption within the Philippine ASM context. 
 
iii 
Declaration by Author 
This thesis is composed of my original work, and contains no material previously published or 
written by another person except where due reference has been made in the text. I have clearly 
stated the contribution by others to jointly-authored works that I have included in my thesis. 
 I have clearly stated the contribution of others to my thesis as a whole, including statistical 
assistance, survey design, data analysis, significant technical procedures, professional editorial 
advice, financial support and any other original research work used or reported in my thesis. The 
content of my thesis is the result of work I have carried out since the commencement of my higher 
degree by research candidature and does not include a substantial part of work that has been 
submitted to qualify for the award of any other degree or diploma in any university or other tertiary 
institution. I have clearly stated which parts of my thesis, if any, have been submitted to qualify for 
another award. 
 I acknowledge that an electronic copy of my thesis must be lodged with the University 
Library and, subject to the policy and procedures of The University of Queensland, the thesis be 
made available for research and study in accordance with the Copyright Act 1968 unless a period of 
embargo has been approved by the Dean of the Graduate School.  
 I acknowledge that copyright of all material contained in my thesis resides with the copyright 
holder(s) of that material. Where appropriate I have obtained copyright permission from the 
copyright holder to reproduce material in this thesis and have sought permission from co-authors for 
any jointly authored works included in the thesis. 
 
iv 
Publications during candidature 
Book chapters (peer-reviewed) 
Logrosa, G., Hassall, M., Cliff, D. and Bofinger, C., 2018. ‘Is it possible to Integrate WHS Risk 
Management into Mechanised Gold Processing? A Methodology for Artisanal and Small-
Scale Mining (ASM) Communities in the Philippines.’ Lahiri-Dutt, K. (ed). Between the 
Plough and the Pick: Informal, Artisanal and Small-scale mining in the contemporary world. 
Australian National University (ANU) Press. ISBN (online): 9781760461720. DOI: 
http://doi.org/10.22459/BPP.03.2018 
Logrosa, G., Lynas, D. and Fawcett, B., 2018. ‘ASM community health, safety and sanitation: A 
water focus.’ Ali, S., Collins, N. and Sturman K., (eds). Africa’s Mineral Fortune: The 
Science and Politics of Sustainability in the Extractives Industries (Ed.). Routledge/ Taylor & 
Francis. London. 
Conference proceedings 
Logrosa, G., Hassall, M., Cliff, D. and Bofinger, C., 2016. ‘Identifying risks that matter: A case 
study on introducing technology into artisanal and small-scale mining (ASM).’ Proceedings 
of Risk and Resilience Mining Solutions. Vancouver. InfoMine. ISBN: 978-1-988185-00-2. 
Major Report 
Griffin, M., Moore, A., Logrosa, G., Kamanga, E. and Pearce, M., 2014. Water-Related Safety, 
Health and Sanitation of Artisanal and Small-Scale Miners and the Affected Communities. 
International Mining for Development Centre (IM4DC) Report, Australia. 
Conference Abstracts 
Logrosa, G., Hassall, M., Cliff, D. and Bofinger, C., 2015. ‘Is it possible to Integrate WHS Risk 
Management into Mechanised Gold Processing? A Methodology for Artisanal and Small-
Scale Mining (ASM) Communities in the Philippines.’ Between the Plough and the Pick: 
Informal mining in the contemporary world. The Australian National University (ANU). 
Canberra, 5-6 November. 
Logrosa, G., Hassall, M., Cliff, D. and Bofinger, C., 2017. ‘Enhancing Health and Safety in 
Informal Mining in the Philippines.’ International Scientific Conference and Workshop on 
Occupational Health and Safety in Formal and Informal Mining. Odense, Denmark,  
22-25 August.  
  
v 
Publications included in this thesis 
No publications included. 
 
Contributions by others to the thesis 
Professor David Cliff provided the oversight conception of the research project; contributed to 
refining and researching especially for the first research question; contributed to group review of 
empirical observations, survey questionnaire design and interview questionnaire design; contributed 
to critically revising the thesis; supported researcher through conferences and training. 
 Associate Professor Maureen Hassall contributed to the design details of the research project; 
to refining and researching especially for the second research question; contributed to analysing and 
interpreting risk perceptions data; contributed to group review of empirical observations, survey 
questionnaire design and interview questionnaire design; contributed to peer-review process of risk 
assessment, thematic analysis and inter-rater reliability check; contributed to drafting significant 
parts of the work and critically revising the thesis; mentored the researcher on risk research. 
 Associate Professor Carmel Bofinger contributed to developing and completing the formal 
health and safety risk assessment in Chapter 4; contributed to group review of empirical 
observations, survey questionnaire design and interview questionnaire design; contributed to peer-
review process of risk assessment, thematic analysis and inter-rater reliability check; contributed to 
critically revising the thesis. 
 Dr Jill Harris contributed to statistically analysing quantitative data of the research project. 
 The technology project team provided some key stakeholder contacts. 
 Sharon Wakem provided professional editorial assistance. 
 
Statement of parts of the thesis submitted to qualify for the award of another degree 
None. 
 
Research Involving Human or Animal Subjects 
This research involved human subjects. Full review and approval was provided by the UQ 
Behavioural & Social Sciences Ethical Review Committee (BSSERC) as provided in Appendix A. 
Ethical Clearance Number is 15.003. 
vi 
Acknowledgements 
I would like to deeply thank my best team of supervisors, Professor David Cliff, Associate 
Professor Maureen Hassall and Associate Professor Carmel Bofinger. Their guidance and support 
equipped me to begin, work, work harder and complete my thesis. I would like to especially thank 
Maureen for keeping me motivated and inspired to pursue a research career by her example.  
 I would like to sincerely thank the Minerals Industry Safety and Health Centre (MISHC) staff, 
especially Danellie and Jill, for providing me a ‘home’ for four long years in Australia. Their 
academic and friendly support enabled me to learn so much as an early career researcher. To my 
PhD mates, especially Sandy and Philippa, thank you for the hugs, tips and simply the reminder that 
we are on the same boat. My thanks to the UQR!SK group for the shared experiences and learnings. 
I am very grateful to all the friendships, both academic and non-academic, that I gained during the 
period of my candidature.  
 I would like to acknowledge the meaningful and rich input from all my interview and survey 
participants. They helped me appreciate the true significance of my research work. I am especially 
grateful to the men and women miners who shared their life experiences to me.  
 I would like to respectfully thank Professor Herman Mendoza who mentored me at the very 
start and encouraged me to begin my PhD with the fundamental purpose of helping people. Up to 
this time, I still remember.  
 To my beloved Logrosa family, my father Roger, my mother Inday, my siblings, Jr, Bryan 
and CJ, and my sister-in-law, Gina, thank you all for believing in me and making me remember the 
person I want to become. 
 To Afshin, thank you for your patience and for helping me grow in maturity and character. 
 Above all, I would like to thank our Saviour, Jesus Christ, for generously and faithfully giving 
me the grace to finish my PhD race, especially towards the final days prior to submitting. He said to 
me, My grace is sufficient for you, for my strength is made perfect in weakness. Most gladly 
therefore will I rather glory in my infirmities, that the power of Christ may rest on me (2 
Corinthians 12: 9). All glory to God. 
 
vii 
Financial support 
This research was supported by an Australian Awards Scholarship. 
 
Keywords 
artisanal and small scale mining, small scale mining, technology implementation, health and safety, 
workplace health and safety, risk, risk management, risk perception. 
 
Australian and New Zealand Standard Research Classifications (ANZSRC) 
ANZSRC code: 111705, Environmental and Occupational Health and Safety, 50% 
ANZSRC code: 091507, Risk Engineering, 30% 
ANZSRC code: 091404, Mineral Processing/Beneficiation, 20% 
 
 
Fields of Research (FoR) Classification 
FoR code: 1117, Public Health and Health Services, 50% 
FoR code: 0915, Interdisciplinary Engineering, 30% 
FoR code: 0914, Resources Engineering and Extractive Metallurgy, 20% 
 
viii 
Dedication 
I dedicate this thesis in the loving memory of my mother, Ronilyn “Inday” Tuco-Logrosa who 
showed me how to overcome difficulties, embrace challenges and value justice. 
 
 
ix 
Table of Contents 
Abstract .............................................................................................................................. ii 
Declaration by Author ...................................................................................................... iii 
Publications during candidature ..................................................................................... iv 
Acknowledgements .......................................................................................................... vi 
Dedication ....................................................................................................................... viii 
Chapter 1 – Introduction ................................................................................................... 1 
1.1 Statement of the Problem................................................................................................ 1 
1.2 Background of the Study ................................................................................................. 2 
1.3 Research Questions........................................................................................................ 4 
1.4 Significance of the Study ................................................................................................. 5 
1.5 Thesis Structure .............................................................................................................. 6 
Chapter 2 – Literature Review .......................................................................................... 9 
2.1 Complexity of Artisanal and Small-scale Mining .............................................................. 9 
2.1.1 Legal Perspectives .......................................................................................................... 13 
2.1.2 Socio-Economic Perspectives ......................................................................................... 17 
2.1.3 Health and Environmental Perspectives ......................................................................... 18 
2.1.4 Technological Perspectives............................................................................................. 19 
2.2 Health and Safety Risks in ASM.................................................................................... 21 
2.2.1 Mercury Use and Exposure ............................................................................................. 21 
2.2.2 Conventional Methodologies to Analyse Health and Environmental Risks in ASM ........ 23 
2.2.3 Workplace Safety Risks in ASM ...................................................................................... 24 
2.2.4 Gap Analysis on Health and Environmental Methodologies in ASM .............................. 26 
2.3 The Integrated Risk Perspective ................................................................................... 30 
2.4 Risk Perception and Technology Acceptance ............................................................... 31 
Chapter 3 – Research Methods ...................................................................................... 34 
3.1 Research Design and Rationale .................................................................................... 34 
3.2 The Risk Management Framework ............................................................................... 35 
3.2.1 Establish the Context ...................................................................................................... 37 
3.2.2 Systematic Health and Safety Risk Assessment ............................................................ 41 
3.2.3 Integrated Risk Perceptions Assessment ....................................................................... 44 
3.3 The Triangulation Design .............................................................................................. 47 
3.3.1 Observations by way of immersion ................................................................................. 49 
3.3.2 Method of Interviews ....................................................................................................... 50 
3.3.3 Immersion Methodology to Capture Range and Depth ................................................... 51 
3.3.4 Forced-rating survey method .......................................................................................... 52 
3.4 Design of Analysis using PHEST and Nvivo 11 Software .............................................. 53 
3.5 Key Lessons from the Fieldwork ................................................................................... 56 
3.5.1 Strengths of the Methodology ......................................................................................... 56 
x 
3.5.2 Limitations of the Methodology ....................................................................................... 58 
Chapter 4 – Health and Safety Risk Assessment of Gold Processing 
Technology in Philippine ASM ....................................................................................... 59 
4.1 Step 1 – Establish the Context ...................................................................................... 62 
4.1.1 Purpose ........................................................................................................................... 62 
4.1.2 Scope .............................................................................................................................. 62 
4.1.3 Objectives ........................................................................................................................ 64 
4.1.4 Assumptions .................................................................................................................... 64 
4.2 Step 2 – Identify and Analyse the Hazards .................................................................... 65 
4.2.1 Hazard Identification: Semi-mechanised Methods .......................................................... 65 
4.2.2 Hazard Identification: Semi-automated Technology ....................................................... 72 
4.3 Step 3 – Identify the Causes and Contributing Factors or Initiating Events .................... 75 
4.4 Step 4 – Analyse the Health and Safety Consequence/s .............................................. 76 
4.5 Step 5 – Determine the Likelihood in Terms of the Risk Exposure in the Process 
Sub-step under Normal Operations ............................................................................... 76 
4.6 Step 6 – Evaluate the Risk Level and Estimate the Severity ......................................... 82 
4.7 Step 7 – Identify and Compare Controls between the Two Gold Processing 
Systems using the Cause-Consequence-Control Table ................................................ 83 
4.8 Step 8 – Evaluate the Health and Safety Outcomes introduced by the 
Implementation of the Semi-automated Technology...................................................... 89 
Chapter 5 – Qualitative and Quantitative Data and Results Analyses ........................ 92 
5.1 Semi-Quantitative Analysis of Interview Data in Reference to Technology 
Introduction (Independent) across PHEST Categories .................................................. 93 
5.1.1 Limitation of PHEST Analysis on Interview Data ............................................................ 95 
5.2 Semi-Quantitative Analysis of Interview Data in Reference to Technology 
Introduction (Before-After) across PHEST Categories ................................................... 95 
5.2.1 Health, Safety and Environmental Risks ......................................................................... 98 
5.2.2 Technological Risks ...................................................................................................... 106 
5.2.3 Economic Risks ............................................................................................................. 112 
5.2.4 Political Risks ................................................................................................................ 117 
5.2.5 Social Risks ................................................................................................................... 124 
Chapter 6 – Clustering into Two Macro Groups .......................................................... 128 
6.1 Analysis of Interview Data using Clustered Groups ..................................................... 128 
6.1.1 Health, Safety and Environmental Risks ....................................................................... 130 
6.1.2 Economic Risks ............................................................................................................. 131 
6.1.3 Technological Risks ...................................................................................................... 133 
6.1.4 Statistical Analysis for Clustered Groups ...................................................................... 135 
6.2 Deeper Analysis with the AS Miners using Spider Plots .............................................. 136 
6.3 Quantitative Validation of Clustering ........................................................................... 139 
6.4 Quantitative Analysis of Survey Data (Two Stakeholder groups-HSEEST) ................. 141 
Chapter 7 – Discussion of Risk Factors Critical to Successful Implementation 
of Mercury-free Technology .......................................................................................... 144 
7.1 A Novel Methodology to ASM Research ..................................................................... 144 
xi 
7.1.1 A Risk Perceptions Framework ..................................................................................... 144 
7.1.2 An Extension of Risk Perception Studies of Technologies ........................................... 147 
7.1.3 Immersion-based PHEST Analysis ............................................................................... 148 
7.2 Improvement of Health and Safety in ASM .................................................................. 149 
7.2.1 Largest Difference of HSE Risks in Before-After Implementation................................. 149 
7.2.2 Most Significant Mismatch of Stakeholder Perceptions in HSE Risks .......................... 150 
7.2.3 Level of Importance of HSE Risks from Survey Results ............................................... 151 
7.3 Economics is a Silent but Potent Risk to Implementation ............................................ 153 
7.3.1 Most Consistent and Validated Difference of Economic Risks in Before-After 
Implementation .............................................................................................................. 153 
7.3.2 Most Significant Mismatch of Stakeholder Perceptions in Economic Risks ................. 154 
7.3.3 Level of Importance of Economic Risks from Survey Results ...................................... 155 
7.4 Political Risks require a Different Method .................................................................... 156 
7.4.1 Fragmented Mismatch of Stakeholder Perceptions in Political Risks ........................... 156 
7.4.2 Political Risks in Philippine ASM are Inherent .............................................................. 157 
7.5 Technology Acceptance in Philippine ASM Communities ............................................ 158 
7.5.1 Enhancement of Risk Communication .......................................................................... 160 
7.5.2 Mechanism of Trust ....................................................................................................... 161 
7.5.3 Risk Management is a Multi-Stakeholder Platform ....................................................... 163 
Chapter 8 – Conclusions and Recommendations ...................................................... 165 
8.1 Key Findings addressing research questions .............................................................. 165 
8.2 Developed Study Methodology to Identify Risks that matter in ASM ........................... 167 
8.3 Risk Management in ASM and Related Recommendations ........................................ 168 
8.4 Future Research ......................................................................................................... 168 
References ..................................................................................................................... 170 
Appendix A ..................................................................................................................... 188 
Appendix B ..................................................................................................................... 191 
Appendix C ..................................................................................................................... 198 
Appendix D ..................................................................................................................... 200 
 
xii 
List of Figures 
Figure 1: Risk factor identification using stakeholder risk perceptions regarding mercury-free 
technology implementation. ........................................................................................................... 3 
Figure 2: Schematic representation of research outline corresponding to the structure of this thesis ......... 7 
Figure 3: Web of Science Field Categories (Field categories vs. Number of publications) ........................ 27 
Figure 4: Web of Science Literature in ASM (Number of publications vs. year) ......................................... 27 
Figure 5: The risk management process (AS/NZS ISO 31000:2009) ......................................................... 36 
Figure 6: Map showing the study locations relative to the Philippine Fault Zone (bold solid line) 
across the Philippine archipelago adapted from Besana and Ando, 2005 .................................. 39 
Figure 7: Systematic health and safety risk assessment model ................................................................. 42 
Figure 8: Integrated risk perceptions assessment model ............................................................................ 45 
Figure 9: Identification of risk perceptions by linking internal and external factors that influence the 
observed system. ......................................................................................................................... 46 
Figure 10: High-level representation of research methods used to collect data. .......................................... 48 
Figure 11: Gold processing flowsheets of ASM (a) semi-mechanised and (b) semi-automated 
technology. ................................................................................................................................... 63 
Figure 12: Manual hauling ............................................................................................................................. 66 
Figure 13: Ore storage .................................................................................................................................. 66 
Figure 14: Ore feeding ................................................................................................................................... 67 
Figure 15: Ore washing ................................................................................................................................. 68 
Figure 16: Wet workplace conditions ............................................................................................................ 68 
Figure 17: Ore crushing ................................................................................................................................. 69 
Figure 18: Closeness of operators to the equipment during normal operation ............................................. 70 
Figure 19: Series of tumbling mill units with exposed rubber straps ............................................................. 70 
Figure 20: Tumbling mill with exposed moving parts .................................................................................... 70 
Figure 21: Separation process step currently performed in ASM ................................................................. 71 
Figure 22: Local Control Panel 3 ................................................................................................................... 73 
Figure 23: Gold recovery process control automated system ....................................................................... 73 
Figure 24: The hierarchy of control (1) and the hierarchy of risk control (2) ................................................. 87 
Figure 25: All stakeholders’ raw comments mapped onto PHEST framework (axis is % of total 
comments, numbers in brackets are counts of comments) ......................................................... 93 
Figure 26: All stakeholders’ before and after comments mapped onto PHEST framework (axis is % 
of total comments, numbers in brackets are counts of comments) ............................................. 96 
Figure 27: AS miners before and after comments mapped onto PHEST framework (axis is % of total 
comments, numbers in brackets are counts of comments) ....................................................... 101 
Figure 28: Technical groups before and after comments mapped onto PHEST framework (axis is % 
of total comments, numbers in brackets are counts of comments) ........................................... 102 
Figure 29: Government representatives before and after comments mapped onto PHEST framework 
(axis is % of total comments, numbers in brackets are counts of comments) ........................... 102 
Figure 30: Advocate group before and after comments mapped onto PHEST framework (axis is % of 
total comments, numbers in brackets are counts of comments) ............................................... 103 
Figure 31: All stakeholders’ positive (Green) and negative (Red) risk comments mapped onto 
PHEST framework ..................................................................................................................... 129 
Figure 32: Clustered Non-ASM group’s positive (Green) and negative (Red) risk comments mapped 
onto PHEST framework ............................................................................................................. 129 
Figure 33: Clustered ASM group’s positive (Green) and negative (Red) risk comments mapped onto 
PHEST framework ..................................................................................................................... 130 
Figure 34: Province 1 – AS miners before and after comments mapped onto PHEST framework 
(axis is % of total comments, numbers in brackets are counts of comments) ........................... 137 
Figure 35: Province 2 – AS miners before and after comments mapped onto PHEST framework 
(axis is % of total comments, numbers in brackets are counts of comments) ........................... 137 
xiii 
Figure 36: Province 3 – AS miners before and after comments mapped onto PHEST framework 
(axis is % of total comments, numbers in brackets are counts of comments) ........................... 138 
Figure 37: Relative Importance from survey results based on HSEEST analysis ...................................... 140 
Figure 38: Relative Intervention Priority from survey results based on HSEEST analysis ......................... 141 
Figure 39: Quantitative analysis of results from survey data based on HSEEST framework in terms 
of Relative Importance (N=50) ................................................................................................... 143 
Figure 40: Quantitative analysis of results from survey data based on HSEEST framework in terms 
of Relative Intervention Priority (N=50) ...................................................................................... 143 
 
List of Tables 
Table 1: Participant coding ......................................................................................................................... 54 
Table 2: Comparison of initiating events between the semi-mechanised methods and semi-
automated technology in ASM ..................................................................................................... 75 
Table 3: Risk Analysis of the semi-mechanised methods currently used in ASM sites ............................. 77 
Table 4: Risk Analysis of the semi-automated technology introduced in ASM sites ................................. 80 
Table 5: Risk matrix for ASM gold processing operations ......................................................................... 82 
Table 6: Cause-consequence table for comparative analysis of semi-mechanised methods and 
semi-automated technology in ASM ............................................................................................ 84 
Table 7: Stakeholders sampled .................................................................................................................. 92 
Table 8: Values for Standardised Test Statistic, T ................................................................................... 136 
 
xiv 
List of Abbreviations 
AIChE American Institute of Chemical Engineers 
ALARP as low as reasonably practicable 
AS artisanal and small-scale miner 
ASM artisanal and small-scale mining 
CCPS Centre for Chemical Process Safety 
CDO cease or desist order 
CN cyanide 
CP cleaner production 
DENR Department of Environment and Natural Resources 
DOST Department of Science and Technology 
EMB Environmental Management Bureau 
FPIC Free Prior Indigenous Consent 
GMP Global Mercury Project 
Hg mercury 
HSEEST categorisation – health (H), safety (S), environment (E), economic gain (E), social welfare (S) 
and technology (T) 
IMF International Monetary Fund 
IQR interquartile range 
LGU local government units 
MGB Mines and Geoscience Bureau 
NCIP National Commission on Indigenous Peoples 
NGOs non-government organisations 
OHS health and safety 
PEST categorisation – political, economic, social and technological 
PESTLE categorisation – which adds legal and environmental factors 
PFZ Philippine Fault zone 
PHEST categorisation – political and/or legal (P), health, safety and environmental (H), economic (E), 
social (S), and technological (T) 
ROI return on investment 
SAPs structural adjustments programs 
SDC Swiss Agency for Development and Cooperation 
SS small scale miners 
SSM small scale mining 
STEEPLE categorisation – adding ethics and demographic factors 
SWOT analysis – strengths (S), weaknesses (W), opportunities (O), threats (T) 
UN United Nations 
WHS workplace health and safety 
WRAC Workplace Risk Assessment and Control 
 
1 
Chapter 1 – Introduction 
1.1 Statement of the Problem 
Mercury (Hg) is still being used in artisanal and small-scale mining (ASM) of gold despite 25 years 
of intensive efforts and expensive investments to reduce or eliminate the toxic substance. As a 
result, the harmful effects of mercury persist posing an ongoing and global threat to humans and the 
environment. Technology solutions have been developed that either reduces mercury emissions or 
proposes an alternative to the mercury amalgamation process in ASM. Reduction of mercury 
emissions often includes amalgamation retorts and special fume hoods (Veiga et al. 2004). 
Alternative technologies to mercury amalgamation include improved sluice boxes and gravity 
concentrators (Hinton et al. 2003). Despite the benefits of the mercury-free technologies the 
acceptance and sustainable adoption of these technologies has been ambiguously variable across 
different countries.  
 Although introducing mercury-free technology seeks to address the toxic effects of mercury, a 
technical-based solution is only part of the solution. This study argues that the successful 
implementation and sustainable adoption of a mercury-free technology in ASM depends upon more 
than the technical engineering and operational performance. There is a range of important risk 
factors that should be identified, carefully considered, managed and effectively communicated to 
increase likelihood of successfully implementing and sustainably operating the proposed 
technology. 
 There might not be a silver bullet design of technology that exists which all ASM areas would 
readily accept but there are management strategies towards the successful implementation of 
mercury-free technology in ASM. 
 Strategies for the adoption of environmentally responsible processing practices and the 
introduction of adequate health and safety standards were put forward in a World Bank roundtable 
meeting in 1995. As a result, number of cleaner production (CP) projects have already been 
introduced in developing countries, such as the Philippines, to reduce mining’s environmental 
impact (Hruschka 2017). However, the reduction and elimination of mercury use in ASM mineral 
operations in the Philippines is yet to be achieved despite many years of technical and financial 
support. Noetstaller (1995) examined the factors that make implementation of these strategies 
difficult. These factors include the large number of miners involved, their mobility, their remote 
locations, and their reluctance to change from their traditional ways of mineral processing. Of 
which, among others, constitute what is referred to in this study as the ASM context.  
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 Unless the ASM context is comprehensively understood, strategies for environmentally 
responsible gold processing practices could fail to be adopted or fail to be sustained over the long-
term. Evidence from previous projects revealed that ASM were initially willing to adopt the cleaner 
technology but after the project period ended, no artisanal and small-scale (AS) miner continued 
using the new technology (Jonsson et al. 2013). Despite seemingly obvious benefits of health 
protection and environmental conservation, AS miners have not accepted nor sustainably adopted 
cleaner technologies. As a result, incremental adverse environmental impacts carry on with socio-
economic growth in ASM. 
 The mercury abatement literature also highlights that different stakeholders have quite 
different perspectives. Governments perceive that the resistance and outright refusal of the AS 
miners to implement environmental safeguards is what drives the pervasive mercury contamination 
problem (Hilson 2006). However, other ASM researchers argue that it is the lack of support from 
governments and donor organisations to manage the risks that matter which consequentially 
sustains the pollution problem (Spiegel 2009; Jonsson et al. 2013; Hilson 2006).  
 Pollution control and cleaner production technologies both share the same objective in 
managing the threats to human and environmental health but the approaches are different. Examples 
of pollution control initiatives include adding a cyanide detoxification tank and training. 
Meanwhile, a cleaner production approach aims to implement technology that eliminates the need 
to use mercury and cyanide.  
 In the Philippines, government policy promotes pollution control technology in preference to 
cleaner production, as an example, stating cyanide (CN) is not harmful as long as it is handled well. 
The problem with the pollution control approach is that cyanidation is not actually performed as an 
alternative to mercury amalgamation. Based on the study field visits, current ASM operations 
perform the cyanidation process as a subsequent process after mercury amalgamation is performed. 
 Clearly, neither politically-focussed nor technologically-driven interventions will sustainably 
achieve the 20-year old objective of mercury reduction, let alone the goal of mercury elimination 
(Hentschel et al. 2002; Hilson 2006; Jonsson et al. 2009). 
1.2 Background of the Study 
 This study aimed to investigate whether the implementation of a new technology for gold 
processing can improve health and safety of AS miners and their families. The study used the case 
of a gold processing plant project that is being implemented in the ASM sector in the Philippines. 
The term ‘implementation’ in this study is used to mean the introduction and continuous utilisation 
of technology as illustrated in Figure 1.  
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Figure 1: Risk factor identification using stakeholder risk perceptions regarding mercury-free 
technology implementation. 
 
 The design of the new processing technology was a collaborative project involving technical 
experts from an academic institution and a government department. The aim of the project was to 
develop and implement a mercury-free technology that improved ASM gold processing in the 
country. Innovative mechanisation is one of the highlights of the technology. The technology is 
innovative in that it takes fundamental and contemporary minerals processing techniques and 
reconfigures them to provide ASM with more sophisticated gold processing techniques that fit 
ASM conditions while addressing the technical demands of gold processing. 
 The technology project seeks to develop a plant that overcomes the challenges associated with 
the two primary ASM gold processing methods, cyanidation and mercury amalgamation, which 
cause adverse effects to health and the environment. Additionally, the technology would benefit 
ASM gold processing sites that often lack adequate facilities for detoxification treatment, which 
compounds the adverse health and environmental effects caused by cyanide and mercury. Another 
consideration is the inefficiency of separation and recovery of gold using mercury amalgamation 
that leads to major inefficiencies in material utilisation. Addressing these technical challenges will 
enhance the economic opportunities. A more detailed description of the technology could not be 
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discussed in this study as per signed confidentiality agreement and this study does not focus on the 
technical detail of the proposed plant, instead it focuses on the factors that might impact stakeholder 
perception and acceptance of the technology.  
 This study investigates whether a risk-based methodology can be developed to identify 
barriers to the acceptance and improve the long-term adoption of cleaner mineral processing 
technology in the Philippines. This approach looks into the risks that matter to the sector and to 
each of the stakeholder groups. The definition of risk in this study is adapted from ISO 31000 is the 
“effect of uncertainty on objectives” where an “effect” is a positive or negative deviation from what 
is expected (AS/NZS ISO 31000:2009). The approach seeks to understand stakeholder views on the 
uncertainties associated with the technology that needs to be reduced or managed for the technology 
to be accepted and adopted in a sustainable way.   
1.3 Research Questions 
 To understand the risks and barriers to the sustainable implementation and acceptance of 
mercury-free technology within the Philippine gold ASM sector, two research questions were 
identified with their respective hypotheses as follows.  
Research Question 1 (RQ1):  
Can the implementation of semi-automated gold processing technology improve the health and 
safety of AS miners in the Philippines? 
Hypothesis 1 (H1):  
The implementation of the semi-automated gold processing technology will improve the health and 
safety of AS miners by reducing the risks from the physical process operations. 
Research Question 2 (RQ2):  
What are the important factors to consider for the successful implementation of the semi-automated 
gold processing technology in the ASM sector? 
Hypothesis 2 (H2):  
The range of factors is perceived differently by different stakeholders in ASM communities which 
may affect the acceptance and adoption of the semi-automated gold processing technology. 
Hypothesis 3 (H3):  
One of the most important risk factors, when considering the implementation of the semi-automated 
gold processing plant, is health and safety. 
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 More specifically, RQ1 assesses the health and safety risks associated with the 
implementation of a cleaner gold processing technology in the Philippines. If the technology does 
not improve health and safety of ASM then the proposed technology has not achieved the project 
aims and should be improved before it is presented to stakeholders and proposed for 
implementation. Moreover, RQ2 investigates the risks associated with the implementation of 
technology that are relevant to the key stakeholder groups in ASM namely, government, technical 
groups, advocate groups and the AS miners. RQ2 also determines the importance of addressing 
health and safety risks as perceived by stakeholders in the introduction and implementation of a 
cleaner gold processing technology to the AS gold miners in the Philippines. Finally, RQ2 
determines an appropriate risk management approach that can assist in the identification, analysis, 
evaluation and control of risks associated with implementation of ongoing and future ASM 
technologies in the Philippines. It is hoped that the research produced to answer the two research 
questions will address the following objectives: 
• Identify and analyse the risks impacting on the Philippine AS miners and communities in 
artisanal and small scale gold processing. 
• Determine an approach for communicating risk across the range of stakeholder groups in a 
manner that helps them understand the various views of the risks associated with ASM before 
and after the introduction of cleaner technology. 
• Produce a comprehensive and systematic approach for understanding the health and safety 
risks impacting on the ASM miners and communities such that the gold processing practices 
in ASM, which is the cause of its negative reputation, can be improved and be more widely-
accepted. 
• Develop a model to be applied for ongoing and future mineral processing projects of the 
Philippine government for AS miners so that health and safety risks can be reduced, if not 
removed, early on during the conceptualisation phase of new projects. 
1.4 Significance of the Study 
The persistent problem of mercury pollution could be reduced by developing a risk-based approach 
towards ASM’s sustainable adoption of mercury free technology. ASM stakeholders’ risk concerns 
could hinder acceptance and become a barrier to transitioning towards mercury-free technology and 
achieving the associated desirable outcomes. Therefore through this study, the likelihood of the 
successful implementation of new technology can increase with a broader and in-depth 
understanding of risk perceptions from key stakeholders. Risk perceptions can reveal the factors 
that can influence the end-user’s acceptance and adoption. Addressing these issues requires an 
integrated approach that encompasses the social, technological and political risk perceptions as well 
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as risk communication preferences that are based on a deep understanding of regional socio-
economic and political contexts which are best derived from an inclusive people-centred framework 
(Geiser 2001). Hence, an integrated risk perceptions model is developed for the implementation of 
technology in ASM to better understand the range of risks affecting the implementation of cleaner 
technologies to achieve a mercury-free ASM. The outcomes of this research is to demonstrate how 
cleaner technology could be promoted in poverty-driven mining communities in the Philippines by 
identifying and understanding the risks that matter to the miners and other stakeholder groups.   
 In addition, the risks to health and safety from the gold processing operations can be 
potentially increased if mechanisation is applied in the absence of complementary safety measures. 
In this study, a systematic health and safety risk assessment is developed and completed to 
determine whether the new technology is safe and provide an understanding of the potential 
improvement from the old methods in ASM. Good designs have provisions to easily identify 
hazards and risks early on. This can result in reliable predictions and proactive controls of the gold 
processing technology which adds value to the ASM’s inherent ingenuity. 
 According to the technology design, the use of mercury and cyanide should be eliminated 
hence eliminating the associated health, safety and environmental risks as well. However, 
uncertainty remains concerning whether the technology will be accepted and adopted by the target 
communities. The effect of this uncertainty can either promote or hinder the technology being 
accepted and used by the target communities.  
 The “effect of uncertainty on objectives” is the ISO 31000 definition of risk. Following this 
definition of risk, this research investigated and found the positive risks or enablers and the negative 
risks or barriers to the implementation of the semi-automated technology in ASM communities. 
These risks needed to be identified, analysed, evaluated and managed appropriately as prescribed by 
the risk management process (AS/NZS ISO 31000:2009). 
1.5 Thesis Structure 
To investigate the risks in the implementation of a semi-automated gold processing plant 
technology that can impact on the health and safety of ASM communities in the Philippines, the 
thesis structure consists of eight chapters as shown in Figure 2. 
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Figure 2: Schematic representation of research outline corresponding to the structure of this 
thesis 
 
 The thesis begins with a high-level summary of the problems associated with the continued 
mercury use in ASM despite efforts to reduce or eliminate the toxic substance and the associated 
harmful impacts.  Current strategies have centred on providing mercury-free technology. However, 
the uptake of these mercury-free technologies has been variable across different countries. An 
overview of the problems associated with technology implementation in ASM was provided in this 
chapter, Chapter 1 concludes with research questions that the study seeks to answer in order to 
improve the implementation of cleaner technologies within ASM. 
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 Chapter 2 provides more detailed discussion of the problems in ASM and assesses them from 
a range of different risk perspectives that has been used in most, if not all, ASM literature. On its 
own, each risk perspective is valid but inadequate in dealing with the complex nature of the ASM 
context. Unless the ASM context is understood and established, applying health and safety risk 
management methodologies will be inappropriate and prove futile. Therefore, Chapter 2 further 
provides a discussion on the application of an integrated risk perspective to understand the barriers 
to technology acceptance that have led to the failure of other mercury-reducing or mercury-free 
technologies in the last 25 years. Insights into these barriers obtained from the literature are then 
used for the potential application of a risk-based approach as described in the next chapter.  
 Chapter 3 describes the design and the layered structure of a risk-based methodology which 
builds on risk management tools and interdisciplinary research studies to develop a rigorous and 
systematic risk assessment model that identified the range of different risks in gold processing 
operations without losing the meaningful context of ASM. A systematic risk assessment for specific 
workplace health and safety (WHS) risks was performed (Chapter 4). This focuses on individual 
WHS risks defined by likelihood and consequence based on ASM field data including the AS 
miners’ experiences. In a separate discussion, Chapter 5 and 6 together develops a method to 
identify and analyse risk perceptions using well-accepted hierarchical classification and 
categorisation techniques (Srdjevic et al. 2012, Tah and Carr 2001, Thiagaragan et al. 2000). This 
focuses on generic categories of risks used to construct an evidence-based understanding of 
stakeholder perceptions obtained from the in-field observations and interviewed conducted by the 
researcher. The output was a structured construction of classified risk perceptions that provided 
empirical validity and practical value for the identifying and reporting factors that are important in 
achieving the successful implementation of mercury-free technology in ASM. 
 A great deal of technical and financial support is made available to ASM but has failed to 
meet the priority needs of the AS miners and their families. Therefore, Chapter 7 presents available 
outcomes from the research study for effectively communicating positive and negative risk 
perceptions and priorities across different stakeholder groups. In this way, each stakeholder group is 
mobilised towards achieving improved health and safety in ASM. 
 Finally, the thesis has produced a novel methodology that is ASM-appropriate and 
contextually relevant. An approach primarily based on empirical evidence representing AS miners 
experiences and ASM stakeholder perceptions. The synthesis of key findings and recommendations 
are presented in Chapter 8 to provide insights in integrating risk management principles and tools 
for practical assessment of implementing mercury-free technology in ASM. 
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Chapter 2 – Literature Review 
ASM is recognised as an important industry that generates significant income in many developing 
economies (Hruschka 2011). However, despite the economic incentive, ASM continues to be a 
vulnerable community, an illegitimate sector and an ecological antagonist. This chapter provides an 
overview of the literature about the issues that demonstrates ASM as a complex subject of 
discussion. The complexity of ASM is explained further in Section 2.1.  
 In this overview of ASM issues, different perspectives emerge from the ASM literature which 
include legal, socio-economic, and environmental and health and technological perspectives. 
 The literature highlights that one of the most prevalent and challenging issues that affects all 
these perspectives is the mercury problem in ASM. Section 2.2 describes the health and safety risks 
relating to mercury use and exposure in ASM but later demonstrates that other non-mercury related 
workplace health and safety risks are equally important and should not be overlooked.   
 Implementing cleaner and safer technologies are viewed as the best strategy for practically 
addressing many of the problems facing the AS miners, including health and safety risks as 
discussed in Section 2.3. This chapter concludes by presenting the case of the successful 
implementation of new technology or innovation by managing diverse risk perceptions in 
Section 2.4.  
2.1 Complexity of Artisanal and Small-scale Mining1 
Though the nature of ASM can vary among developing countries due to different social and 
political contexts, its immense economic contribution especially in rural areas cannot be ignored. 
For example, in the Philippines, ASM supplies up to 80 per cent of the country’s gold supply which 
in 2010 earned Php48.9 billion (A$1.23 billion) for the country (Mines and Geosciences Bureau 
2016). ASM also provides a livelihood to 500,000 Filipino miners and operators (Verbrugge 
2015b). This number can increase five-fold when including those indirectly dependent on ASM 
such as the miners’ families and downstream industries. In addition, with the increasing gold price, 
the ASM population is growing in the remote and rural provinces of the Philippines.  
                                                 
1 This section contains excerpts from the book chapter, Logrosa et al., 2018. ‘Is it possible to Integrate WHS Risk 
Management into Mechanised Gold Processing? A Methodology for Artisanal and Small-Scale Mining (ASM) 
Communities in the Philippines.’ Lahiri-Dutt, K. (ed). Between the Plough and the Pick: Informal, Artisanal and Small-
scale mining in the contemporary world. With permission by the authors. 
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 ASM activities range from formal and responsible to chaotic and uncontrollable where the 
latter can have prevailing negative impacts. This broad range and complex nature of ASM often 
requires a high-level form of discussion to describe it. For instance, the World Bank proposed four 
categories in order to better understand ASM, namely: permanent, seasonal, rush-type, and shock-
push (Weber-Fahr et al. 2002).  
 In the Philippines, an example of a permanent ASM is found in Benguet as it developed from 
the previous workings of the indigenous Igorot small-scale miners who originally worked the area. 
ASM in Benguet thrived long before the arrival of large scale mines and continues to persist to this 
day (Bugnosen 2002).  
 An ASM site need not be restricted to one category as, the traditional mining in Benguet also 
typifies a seasonal category of AS miners since it is performed by the local Benguet tribes during 
agricultural off-seasons.  
 Another province in the Philippines provides a different outlook - Compostela Valley 
Province, also known as ‘ComVal’. ComVal exemplifies a gold rush-type ASM practice that has 
sustained itself for more than 30 years. The gold rush that started in the 1970s and 1980s expedited 
the utilisation of both the migrant workforce and the unskilled ‘indigenous labour’ in large-scale 
companies such as APEX mining in the municipality of Maco, and SABENA mines in New Bataan. 
However, the gold rush was short-lived. The downturn of large-scale mining in the 1980s forced the 
impetus towards the expansion and transformation of ASM through the creation of a skilled 
workforce reserve (Verbrugge 2014). 
 However, the term ‘small’ in ASM does not imply that their operations are rudimentary and 
crude rather as ASM continues to evolve it is developing technologies to extract gold from small 
ore deposits (Veiga et al. 2004). The technical demands of the small mines industry, particularly in 
the gold sector, have become increasingly dynamic and complex. This is often due to the varying 
mineralogy and metallurgical characteristics of gold ore bodies. Thus, mechanisation has developed 
over time to help address the technical challenges. ASM miners frequently modify the conventional 
equipment they have in order to fit their needs (Hentschel et al. 2002). 
 Processing equipment has been developed that uses semi-mechanised technology that depend 
on manual labour to operate it. (Veiga et al. 2004; Hentschel et al. 2002). As a result, ASM remains 
a vulnerable community because of its need for resources from capitalists and financiers. To fund 
gold processing equipment, AS miners need financial support which capitalists and financiers can 
provide in the absence of government funding. 
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 This then brings into question the motivation behind the sector’s growth whether it is still 
driven by the subsistence living of the poorest communities or it has become profit-driven venture 
for capitalists (Verbrugge 2014). The latter suggests that exploitation of individual AS miners at the 
bottom of this hierarchical social structure is possible. In the absence of government’s direct and 
active support ASM remains vulnerable to significant deficits in social protection and labour 
standards. ASM communities face deplorable working conditions, lack of access to occupational 
health and safety programs, incidence of child labour and limited access to social protection 
schemes (Artajo 2012).The mutual relationship between the financier and the miner contributes to 
the intricacies of a complex social structure unique to ASM.  
 Across all ASM types, the contemporary state of working conditions has been associated with 
many occupational health and safety (OHS) hazards. For example, wet and slippery workplace 
conditions cause many accidents, and many endemic diseases are waterborne. Water-related 
diseases can be caused by contamination of water from both surface water and groundwater sources 
(Logrosa et al. 2018). In addition, modifications made to conventional equipment to make it more 
usable in ASM contexts often include the suppression of safety features. For example in the water 
supply for drill hammers, the function of water is to supposedly capture and suppress the dust 
concentration in the working and living spaces in ASM sites. However, when equipment are 
fabricated locally, such seemingly minor safety features are often neglected. Nevertheless, a 
surprisingly large variety of gold processing equipment in ASM is developed for their local activity.   
 Another aspect of ASM’s complexity is that despite being an industry that existed for several 
decades to financially provide for rural and remote areas, it is often informal or illegal. Unless 
formalised, ASM lack technical assistance and have poor access to markets and basic support 
services for safety, health and sanitation needs. ASM strives to be formalised (Spiegel 2009) but 
government policies which may be amenable to the mining industry in general are not appropriate 
to ASM. In the Philippines, many provinces have opposed the national government’s antipathy 
towards ASM and its support for large scale mines (O’Faircheallaigh and Corbett 2016).  
 The lack of appropriate policies for ASM reflects the lack of understanding of actual ASM 
conditions which not only push miners into underground economies making regulation more 
difficult, it also makes it difficult to transfer technology to them or induce the spread of best 
practice (Danielson 2003). Despite significant economic contribution, ASM remains burdened by 
heavy compliance requirements to formalise its operations (Hilson and Potter 2005).   
 Finally, the complexity of ASM is characterised by an ethical dilemma. On one hand, ASM 
operations address poverty alleviation and social development in rural communities. On the other 
hand, ASM is viewed as an ecological antagonist because its operations are often accompanied by 
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extensive environmental degradation and long-term negative impacts (Veiga et al. 2004).  This 
ethical dilemma seems to be overruled by poverty which compels AS miners to operate precariously 
for the survival of their families in the remote and difficult areas that they live in. The rural poor 
will continue to seek employment in ASM activities despite the risks associated with the sector.  
 In addition to poverty alleviation, the ASM reputation as an industry is characterised by 
strong arguments about environmental protection, biodiversity preservation, forestry conservation, 
and agricultural advancement. For example, environmental advocates often antagonise ASM due to 
the water pollution associated with the inherent use of water in the processing sites particularly in 
grinding (Hermanus 2007). In the grinding stage of gold processing, copious amount of water is 
used to wash the discharge resulting to copious amount of murky wastewater. Moreover, the storing 
of mine waste, tailings and rock dumps, can be potential sources of risk for water quality problems 
as well (Danoucaras et al. 2012). Further environmental impacts occur as a result of wash-off of 
chemicals deposited onto the catchment surface from sediments and vapours emitted from mining 
operations which eventually leads to contamination of watercourses. As a result, typical physical 
impacts on the biophysical surrounding include: salinisation, siltation (increased levels of 
suspended and deposited solids), changed patterns of water use, the excavation of large pits, 
diversion of rivers and streams from their original courses, landscape alteration and deforestation of 
sites and improper closure (Spiegel and Veiga 2005; Ashton et al. 2001; Leung 2008). These 
negative impacts affect not only ASM communities but neighbouring non-mining communities as 
well.   
 The problems and issues associated with ASM are not new. The challenges associated with 
ASM have been pervading governments, formal mining companies, private sectors and donor 
organisations alike. This discourse began after the notable publication of the seminal report in 1972 
on Small Scale Mining in Developing Countries by the United Nations (UN) as this was the first 
time that the term “small-scale mining” first surfaced in the organisation’s literature (Hilson 2009). 
Davidson (1993) reflected on the progress made on the ground after much cumulative discussions 
including those generated from the six major international meetings:  Jurica, Mexico (1978), Taxco, 
Mexico (1981), Helsinki, Finland (1983), London, United Kingdom (1987), Ankara, Turkey (1988) 
and Harare, Zimbabwe (1993). By 1993 a 20-year period of formal international discourse had 
occurred. As a result in 1993, it was recognised that ASM had both an upside potential and a 
problematic nature and it was advocated that ASM should be formalised to increase its economic 
and technical efficiency, to maximise social benefits and to minimise its disadvantages (Davidson 
1993).  
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 Davidson’s (1993) work argued the importance of integrated and systemic policies for the 
promotion and strengthening of ASM. He explained that although attempts have been made to 
address the different but equally critical aspects in ASM including “technical, managerial, 
educational, financial and marketing support requirements, political/social issues related to 
participation, production and environment have only started to take shape” (Davidson 1993). 
 In the following subsections (2.1.1 to 2.1.4), the critical aspects described by Davidson (1993) 
are used to review the efforts made to appropriately establish ASM’s position as a growing sector. 
The critical aspects discussed are categorised into legal, socio-economic, environmental and health, 
and production or technological issues that have persisted in ASM over the last 20 years or so.  
2.1.1 Legal Perspectives 
Observing that ASM is a migratory and spontaneous activity in most cases, government authorities 
find it difficult to monitor, let alone formalise ASM operations. Tschakert (2009) further explains 
that this nature of ASM activity often creates social disruption which made miners increasingly 
marginalised and even criminalised. The vilified reputation is also associated with unsafe working 
conditions, local environmental degradation and poor household conditions. The latter is indicative 
of the informal nature of the ASM economy. Government often responds by offering solutions 
carried out on an ad hoc basis (Davidson 1993). However, this ad hoc approach may or may not be 
a pre-emptive step towards more sustainable solutions.  
 Sustainable legal strategies are those that are practical for government to enforce and 
reasonable for ASM communities to accept. Without reasonable opportunities, AS miners feel 
compelled to substantially disregard the law and pre-existing rights in order to secure their own 
livelihoods, which is apparently the case even in countries where AS mining has been legalised 
(Davidson 1993). Policy rhetoric can stir political scepticism when governments are inclined to 
grant large scale mining companies most of the mineral rights while poorer AS miners have little or 
no access to resource rights (Spiegel 2009; Fisher 2007). Although large scale mining companies 
seem legally compliant in contrast to transient ASM, policymakers should not forget that the latter 
is a self-organising system that drives local socio-economic development. Such development 
contribution cannot be ignored and government support should be provided. In sustaining a 
cooperative relationship, appropriateness of engagement strategies with ASM is key. 
 Lack of knowledge about what is truly relevant to ASM communities is a serious gap. This 
gap stretches towards deliberate denial as a justification for not taking action (Hruschka 2011). 
Furthermore, the lack of an ASM policy, a denial policy or the ‘policy to not have a policy’ and the 
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related under reporting of numbers of ASM miners (Hruschka and Echavarria 2011) exacerbates the 
perceived conflicts and mismatch of perceptions. 
 When the context defined for ASM is wrong, the policy is likely to be wrong as well. Wrong 
policy can be due to mismatch of perceptions between external actors (e.g. government and donor 
organisations) and the ASM. Hilson (2014) states that there was certainly evidence, in the 1990s, 
that the regulatory framework was adversely impacting subsistence populations. This has been the 
scenario for the structural adjustments programs (SAPs) awarded by the International Monetary 
Fund (IMF) and World Bank in sub-Saharan Africa (Hilson 2005). To deflect criticism, the World 
Bank published two reports, one being Adjustment in Africa (World Bank 1994). This report 
outlined the ‘role that adjustment needs to play in improving the policy environment for the 
provision of basic social services’ (p. xxi).  
 An improved policy environment can only be favourable towards ASM miners when it 
appropriately and evidently supports the improvement of their health and safety. This would be 
consistent with the grassroots-oriented, bottom-up idea which has been raised in literature (Hilson 
& McQuilken 2014). If policy makers pursue grassroots-oriented ideas, they may be able to redeem 
themselves from the miners’ perception that the policy makers and the rest of government 
compromise AS miners’ welfare in favour of the large scale companies or those with capital 
capabilities. In Ghana for instance, the proliferation of the Chinese is attributed to the support of 
high-ranking politicians (Hilson & McQuilken 2014). 
 After the policy environment is improved to sustain a cooperative relationship between 
external actors and ASM, actual legal issues in ASM should then be properly illuminated and 
understood. For example, it should be properly understood why a series of newly-implemented 
complex regulatory frameworks is not serving the function it was lawfully intended for. This is 
especially the case where some AS miners who ‘despite being legal, find themselves still unable to 
access a comparative level of financial and technical assistance afforded to their counterparts in 
other industries, such as agriculture and fisheries; and seem to be subjected to the same pressures 
from particular local-level actors, such as chiefs, policemen and other authority figures looking to 
extract bribes, as “galamsey” operators (Hilson & McQuilken 2014).  
 Practical actions should be made to convince the AS miners who, even with a secured license, 
still have challenges in accessing viable technological and financial support. Failure of government 
to take on their role in providing appropriate technology support can push miners to resort to 
unconventional channels and clandestine situations. Specifically, this is the failure on the part of 
government and donors, to deliver adequate and appropriate support to desperate operators (Hilson 
& McQuilken 2014), plus failure on the part of host governments and donors to create adequate 
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policy “space” to execute tasks effectively (Hentschel et al. 2002; Jennings 2003). Such failures can 
cause AS miners to seek assistance elsewhere out of desperation which is not necessarily beneficial 
to the miners in the long run. 
 As part of its regulatory role, government is obligated to take action in the best interest of the 
public, especially towards the communities affected by the ‘spill-over effects’ from ASM 
operations. Hence, it is obvious that mining activities must be regulated by law to control the 
impacts. Yet surprisingly, as Gunningham (2007) stated, no study has ever given serious 
consideration to the roles of the existing law in preventing work-related injury and disease in the 
mining sector. This seems to be the case whether considering large or small scale mining. Neither 
has any study given due scrutiny to the question of how mine safety regulation policy can and 
should be improved in its design, implementation and enforcement. According to Cliff (2012), early 
regulation relating to health and safety was characterised as being uniformly prescriptive in which 
highly technical specifications and standards were the focus with compliance to rules enforced by 
government. Hence, workplaces were deemed to be safe if they complied with the regulations. 
However, several discussions revealed this is not necessarily the case since a number of weaknesses 
of this approach have been identified (National Research Centre for OHS regulation 2012 as cited 
in Cliff 2012). Dealing with ASM issues requires careful consideration of context and solving its 
workplace health and safety problems must involve more than a straightforward or ‘legalistic’ 
approach (Verbrugge 2015b). 
 Over the years, governments and donor organisations have been playing an important role in 
ASM. For example, the Swiss Agency for Development and Cooperation (SDC) is a donor 
organisation that has been supporting Mongolia in the implementation of a national reform 
programme in the midst of a mining boom (Hruschka 2011).   However, in the case of the 
governments, their legal responses towards ASM are found to be “oscillating” in nature. This means 
government response to ASM issues swings back and forth within a spectrum of marginalising 
ASM, ignoring the issue, and actively promoting formalised ASM (Hruschka 2011). This is despite 
the earliest findings that an appropriate legal framework is required for ASM. In an attempt to 
pioneer the legalisation of the artisanal subsector in the late 1980s, Ghana and other countries with a 
high incidence of ASM, such as Ecuador and Brazil, amended small scale mining provisions in their 
legislation. However, this fell short in achieving a sustainable way forward due to departmental 
issues such as lengthy processes associated with excessive paperwork, costly procedures and 
lengthy waiting periods. This restricted rather than supported the miners in formalising their 
operations development due to the complexity of administrative procedures (Hilson and Potter 
2005). An oscillation between coercive policy involving military crackdowns and more incentive-
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based policies has been experienced by the ASM in Peru recorded from 2002 to 2015 
(O’Faircheallaigh and Corbett 2016). 
 “Cyclic” is another term used to refer to the perceptions of ASM and the associated policies 
and actions from governments in most countries (Hruschka 2011). Typically, brief periods of ASM 
promotion are followed by disappointment about initially sceptical and cautious responses by the 
ASM sector which then results in longer periods of adverse opinion and marginalisation of ASM. 
This ‘cyclic’ behaviour with cycle lengths of 3-5 years was an observation noted during almost 20 
years in all countries where SDC implemented ASM projects.  
 In the Philippines’ ASM context, legal stipulations relating to mineral resource governance 
are not necessarily followed; and even when they are considered, they do not always guarantee 
positive outcomes for the people who constitute the ASM communities. A legal perspective can be 
notably helpful provided that the efforts of the state are coordinated towards a broad and uniform 
strategy to engage and regulate ASM. However, this is not necessarily the case. Scholarly works 
have been made to analyse the political relationships surrounding mineral resource governance 
including economic development, corruption, elite capture, poverty alleviation and other socio-
political and socio-economic considerations (Spiegel 2009; Verbrugge 2014; Banchirigah 2006; 
Hilson 2006; Hilson & McQuilken 2014; Tschakert 2009). They vary according to the positioning 
of the author of the case in question. Some start from a political conflict perspective, others from a 
grassroots anthropology perspective, and others from a development sociology perspective.  
 To take an example, Verbrugge (2015a) provides an in-depth discussion of the various 
arguments relating to the socio-political conditions in ASM including the tradition of decentralised 
centralism in the Philippine government structure. In the southern part of the Philippines called 
Mindanao, it is more of the political environment that poses the most immediate challenges and less 
of other sector-specific characteristics in ASM such as variable income and production levels and 
high levels of mobility (Verbrugge 2015a).  
 Key political risks were identified that affect the ASM within the Philippine context. Firstly, a 
political environment created by many factors and different actors such as “the presence of 
communist rebels of the New People’s Army (NPA) and various paramilitary groups, all of which 
cultivate indistinct connections with mining interests and local politicians” (Verbrugge 2015a, page 
451). Secondly, the local government power within the legal premise of the Republic Act No. 7160: 
The Local Government Code of 1991, whereby important fiscal and regulatory responsibilities were 
devolved to local government units (LGUs; in descending order: the region, province, city, 
municipality and barangay). This local government power can be a risk in that may have either a 
positive or negative effect on the relationship and engagement activities between government and 
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ASM communities. For example, devolving executive power to local government can be a principal 
means to improve security by bringing government closer to the people (Siegle & O’Mahony 2006 
page 39) and in preventing the rise of organized opposition against the state (Wong 2006). On the 
other hand, local government power may have a negative effect in project implementation processes 
as it can designate extensive and often coercive control over the police and military, which could be 
deployed for private political and economic gain (Hedman & Sidel 2000). 
 Finally, there are risks brought about by the “plethora of overlapping laws that give rise to a 
highly heterogeneous system of mineral resource governance, whereby different government levels 
and agencies create contradictory and overlapping laws and administrative rules” (Verbrugge 
2015a, page 453). Although the centralist provisions of the Philippine Mining Act is purportedly 
still the basis of mineral resource governance in the country, they do not ensure proper enforcement 
on the ground. Often, the centralist provisions are subdued by the various political efforts to 
decentralise control over mineral resource wealth, including that which ASM communities utilise, 
to local government actors (Verbrugge 2015a). 
2.1.2 Socio-Economic Perspectives 
Hilson (2010) asserts that ASM is a ‘poverty-driven’ sector growing increasingly due to a pervasive 
socio-economic crisis such as armed conflict. The sector is also associated in areas where armed 
conflict occurs (Hilson and Van Bockstael 2011). This poverty-driven view is in sharp contrast to 
the legalistic view of the Peruvian economist Hernando de Soto (2000) which portrays AS miners 
as opportunistic micro-entrepreneurs who were excluded by the ‘mercantilist’ elite from the formal 
sector. However, an academic consensus opposing de Soto’s claims grew in the ASM literature 
(Buxton 2013; Banchirigan 2007) further asserting that for as long as poverty persists, ASM is fated 
to continue in developing regions throughout the world (Hinton 2005). 
 The literature has been more inclined to portray AS miners less like businessmen but rather as 
‘peasants’ using low technology and limited to near surface working of precious minerals 
(Davidson 1993). This inclination was challenged by Verbrugge (2015) claiming that there are 
shortcomings to the simplistic dualist images of peasantry ASM against capital-intensive large-scale 
mining companies that employ sophisticated technology. A dual mining economy consists of ASM 
practiced largely by marginalised local communities and the large-scale mining undertaken by large 
local and foreign corporations (Gomez 2010). 
 Employment and economic opportunities are not only in the mining industry proper, but also 
within the ASM communities. There are diverse roles within the ASM community that can be 
performed by both miners and non-miners such as in the areas of education (especially for the 
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miner’s children), food supply, entertainment, security against theft, equipment, tools and 
accessories, supply and gold buying (O’Faircheallaigh and Corbett 2016).  
 The rural poor will continue to seek employment in ASM despite the safety and health risks 
associated with the sector because poverty compels them to do so to sustain livelihoods. The 
technology used by rural communities is constrained due to their limited budgets and as a result can 
have serious consequences on health, safety and environment (Hruschka 2011). But this should not 
be used as a basis to discriminate against ASM and to marginalise them. A claim supported by 
Artajo (2012) articulating that the acquired reputation of ASM as environmentally destructive due 
to the hazardous methods the miners themselves employ should not be a reason to further 
marginalise ASM. Instead, support must be provided in order to assist them through the transition 
towards more responsible methods and technologies which, in turn, must be mainstreamed in the 
national mining policy framework. 
2.1.3 Health and Environmental Perspectives  
The health assessment for ASM (Veiga et al. 2004) was outlined as follows: 
“Health encompasses social, economic, cultural, and psychological well-being, as well as the 
inability to adapt to the stresses of daily life. Arduous work, combined with inexperience in mining 
and lack of knowledge about chemical exposures, can further exacerbate the potential for injury or 
illness, thereby perpetuating the cycle of ill health and poverty. The health and safety issues that 
plague artisanal miners can be attributed primarily to the informal and often illegal nature of 
artisanal mining; economic demands that result in inadequate equipment and neglect of safety 
measures; and a frequent lack of expertise and insufficient training” (Global Mercury Project-
Protocols for Environmental and Health Assessment, p. 137). 
 Noting, that the health assessment for ASM miners included several factors. Firstly, social 
factors in ASM relate health to the cycle of poverty in local areas. Economic factors influence the 
working conditions as technology and safety measures are compromised for other more pressing 
demands. Political factors such as informality and illegality in ASM allegedly exacerbate the health 
and safety issues faced by the miners. A more detailed discussion of environmental and health risks 
are presented in Section 2.2. 
 Encouraging the ASM to adapt mercury-free technologies is an arguably good example of a 
common objective used by the environmental and health perspective. In Veiga’s work in this space, 
it had been successfully established that the threats of mercury exposure can be reduced and the 
barriers for technology implementation in ASM can be managed. As a result, certain projects 
relating to reducing or eliminating mercury were successful in achieving their objectives (Veiga et 
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al. 2004; Velasquez-Lopez et al. 2010) In addition, the mercury-free projects helped donor 
organisations like the UN in terms of demystifying the global mercury problem (Spiegel and Veiga 
2005). However, further work is still required in the area of investigating the important factors that 
can influence technology acceptance by the miners. Technology acceptance determines whether or 
not the technology implementation process is truly successful. In addition, it can be argued that 
more work is still required in promoting positive health and safety conditions and not simply to 
produce desired environmental outcomes. 
 A technology designed for environmental outcomes may achieve health and safety 
improvement as well. However, this is not always the case. In order to determine whether or not 
health and safety improved, there should be a systematic and deliberate process which uses health 
and safety risk assessment tools in assessing a technology. For example, although a pollutant such 
as mercury is removed, other health and safety risks may be introduced such as electrocution caused 
by new machines that replace mercury use.  
 It is good to see reduction of threats as a means to improve health. However, protecting health 
is equally important as promoting health. “Health is a state of complete physical, mental and social 
well-being and not merely the absence of disease or infirmity” (WHO 1947). Health promotion in 
ASM should go beyond the implementation of mercury-free interventions. It is important that the 
benefits of the alternatives to mercury becomes apparent to the target people and becomes more 
advantageous than their old practices. Unfortunately, to date this has not been very successful.  
2.1.4 Technological Perspectives 
Regardless of the seemingly obvious benefits of health protection and environmental conservation, 
AS miners have generally not adopted mercury-free or cleaner technologies. Seemingly, in some 
cases of cleaner technology implementation, the perceived negative factors outweigh the positive 
ones. The negative perceptions include inaccessibility, inappropriateness to local context, expensive 
cost, irreplaceable parts and implements, longer processing times, and unavailability (Corral 2003; 
Venkatesh and Davis 2000; Renn and Benighaus 2013). In particular, the negative risk perceptions 
about the mercury amalgamation retort include perception of technology as a nuisance, alleged 
reductions in gold weight and recoveries, and the opacity of device lead to suspicion (Jonsson et al. 
2009). It is important to note that these factors are technological in nature. Other non-technical 
negative risk perceptions are also reported about the cleaner technology. These include uncertainty 
in profitability, inherent skepticism towards outside interference, fearing eviction or other 
adversities (Jonsson et al 2013). The findings from 12 case studies revealed that issues can arise 
from so-called ‘implementation misalignments’, being misalignments relating to introduction of the 
technology as well as delivery system misalignments which are “inadequacies for which the 
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developers generally have no direct responsibility but that users may blame on the technology can 
lead to users to reject, underuse or even sabotage the innovation” (Leonard-Barton 1988). 
Implementation of CP technology can also result in value misalignments, where the technology 
creates disruption within the local context which is often in fairly ‘unpredictable’ and ‘situation-
specific’ ways that managers cannot foresee. These misalignments present the inevitable risk 
perceptions and uncertainties in both perspectives of the technology providers and the end-users 
(Cummings 2003). 
 ASM use the technically-competitive technology though not necessarily as capital-intensive 
as the large scale mines. This is made possible due to their ingenuity and skills to fabricate 
equipment. This enables them to be resilient to the evolving demands of mining and mineral 
processing without necessarily reaching the automation end of the technology spectrum. This then 
challenges the prima facie view of understanding ASM technology in economies of scale (Godoy 
1985). It had long been established that the technology used for mining in the ASM sector is 
comparable to the technology used in the highly capitalised formal mining sector (Killick and 
During 1969, Godoy 1984). This is confirmed by an example in Malaysia of the large-scale capital-
intensive systems of dredge mining versus the small-scale labour-intensive system of gravel 
pumping. He found little difference in profitability between the two systems (Godoy 1984). 
 The support from government, local and foreign organisations, and other institutions has, in 
part, been directed at finding technological solutions to ASM-related problems (Priester et al. 1993; 
Mutagwaba et al. 1997; Hentschel et al., 2002; Hruschka 2011). The most common example is the 
end-of-pipe technology in forms of retort or improvised filters to address toxic mercury emissions. 
This initiative of solving ASM problems related to mercury through the use of technology is a 
model of technical solutions to reduce environmental impacts. There are also other modifications of 
the mineral processing circuits to mitigate unwanted social and environmental impacts (Priester et 
al. 1993).  
 The mechanisation of gold processing holds promise in its potential to achieve cleaner and 
toxin-free ASM practices. However, Hruschka (2011) argues that mechanisation does not replace 
labour in ASM gold processing. The mechanisation today in ASM usually starts at a basic level and 
its primary purpose is to ease physical work conditions and to increase productivity. Labour 
remains the second most important production factor next to mineral deposits in ASM. As a result, 
ASM produces ‘only’ about 15 per cent of the worldwide gold production, but employs more than 
80 per cent of the workforce (Hruschka 2011). 
 Scholars have so far focussed on how technology use has an impact on labour, its regulation, 
on women’s rights and informality (for instance, Nuwayhid 2004; Hermanus 2007; Marriott 2008; 
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Lu 2012; Verbrugge and Besmanos 2016). However, there seems to be little discussion about health 
and safety and in particular there is no examination of how a health and safety risk management 
approach could be used to improve ASM methods for processing gold. 
 If we deal with the problem at the root cause, which is the gold mining and processing 
techniques, then a number of quick and simple solutions can be implemented directly. Using the 
technological perspective, the strategy would be the use of amalgamation retort technology. Where 
technology implementation has constraints, the use of homemade retorts are encouraged. 
 An evolution of mechanised technology exists in ASM. Consensus estimates reveal ASM is 
growing in number (Buxton 2013). With the growing number of ASM miners, the gold on the 
surface and accessible areas will not be sufficient so ASM will start exploring and developing 
deeper gold deposits (Hruschka 2011). To do this though, crude tools will be inadequate. Therefore, 
an increase in capitalisation and mechanisation is required to support the evolvement of methods 
required to mining and process ore from deeper gold deposits.   
 AS miners also learn from experience and knowledge sources. ASM is often a by-product of 
large mining company closures where surplus skilled miners and operators are left with no other 
good alternative options for sustaining livelihoods but to pursue mining on their own.  
2.2 Health and Safety Risks in ASM 
2.2.1 Mercury Use and Exposure 
In the Philippines, the mercury (Hg) levels in the air are in the range of 2-10 nanograms (ng)/metre 
(m)3 and in rainwater are in the range of 5-100 ng/litre (Lu 2014). Naturally occurring levels of 
mercury in groundwater and surface water are less than 0.5 microgram (μg)/litre, although it can 
increase slightly due to the presence of mineral deposits (WHO 2017). 
 Mercury affects humans mainly in the kidney, liver and nervous system. The latter is 
characteristic of poisoning by methyl- and ethyl-mercury(II) salts which is relatively the most 
harmful of all the effects. Acute exposure through ingestion generally results in shock, 
cardiovascular collapse, acute renal failure and severe gastrointestinal damage. Clinical symptoms 
of acute intoxication can later develop into swelling of the salivary glands, stomatitis, loosening of 
the teeth, nephritis, anuria and hepatitis (Stockinger 1981). Classical signs and symptoms of 
elemental mercury vapour poisoning include objective tremors, mental disturbances and gingivitis 
which may be expected to appear after chronic exposure to air mercury concentrations above 0.1 
mg/m3 (IPCS 1991). 
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 Literature on the health and safety risks from mercury is so extensive that it warrants an entire 
section to itself. Health studies in the ASM industry are largely associated with mercury risks. In 
fact, global and largely funded initiatives have been created to address the health risks (e.g. 
Minamata Convention on Mercury and the Global Mercury Project). 
 The ASM industry uses mercury for separating gold from the waste material because the 
miners perceive mercury as the fastest recovery method, easy to use and available (Veiga et al. 
2004). Unfortunately, miners are seldom aware of, or choose to ignore the health risks associated 
with mercury handling (Veiga et al. 2004). 
 The health risks from the mercury amalgamation process have been extensively studied as 
discussed in detail in Section 2.2.2. It has the potential to harm not only the miners but the humans 
living in close proximity to the ASM area as well. Mercury can enter the human body through many 
ways including inhalation of the mercury vapor or ingestion of bioaccumulated mercury in fishes. 
Inhalation of mercury vapour is the primary exposure pathway for miners, gold shop workers and 
people living near areas where mercury is handled. In many regions, fish are the main protein 
source for community residents. Therefore residents may be exposed to higher mercury 
concentrations than health authorises advise when they consume fish from waterways that are 
contaminated by mercury from gold processing sites (Veiga et al. 2004). 
 During mercury amalgamation, mercury is mixed with the mill discharge, that is, ore after 
grinding in the tumbling mill. There are also cases where the miners add the mercury in the mill 
while grinding. This is referred to as ‘whole ore amalgamation’ which has more serious negative 
effects due to the ‘flouring’ of mercury (Hinton et al. 2003). ‘Flouring’ is the formation of very fine 
droplets of Hg caused by prolonged impact contact with steel balls inside the tumbling mill 
resulting to consequent loss of Hg to the tailings (Veiga et al. 2004). This can be visually observed 
by closely examining the amalgamation tailings. 
 The amalgam which consists of Hg and the captured metal is separated from the slurry and is 
collected and placed in a fine cloth. This is then squeezed to remove the excess mercury. The 
amalgam produced at this stage still contains traces of mercury in it. To refine it, Borax is added to 
the amalgam as a cleaning agent to remove impurities. After cleaning, the amalgam is then 
blowtorched in a circular clay pot to separate the gold from the remaining Hg by vaporising the Hg. 
Blowtorching is performed by the miners themselves or the workers in the ball mills and by the 
workers in gold-buying shops as well. 
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2.2.2 Conventional Methodologies to Analyse Health and Environmental Risks in 
ASM 
Risk analysis is the conventional approach to identify, analyse and evaluate health and 
environmental risks. In ASM, there have been toxicology-based and epidemiological studies to 
establish the harmful effects of mercury and to quantify the relationship with contamination level, 
for exposure levels to children (under 5 years old), women, pregnant women, school aged children 
(around 5-12 years old), etc. (Bose-O’Reilly et al. 2010). There is already a vast body of literature 
that consist largely of epidemiological and toxicological studies and methodologies focused on 
health and environmental impacts in ASM (Paruchuri et al. 2010; Betancourt et al. 2005; Bose-
O'Reilly et al. 2008; Castilhos et al. 2006; Drasch et al. 2001; Harada et al. 1999; Gunson and Veiga 
2004; Limbong et al. 2003; Malm 1998; Oliveira et al. 2004; Passos and Mergler 2008; Taylor et al. 
2005; Van Straaten 2000; Veiga et al. 2006; Webb et al. 2004). 
 Toxicology-based risk assessment in ASM aims to understand the harmful effects that 
mercury can have on humans, animals and the environment. In these studies, the relationship 
between these effects and the risk of exposure is determined. The majority of ASM literature focus 
on toxicological risk of mercury exposure which can be determined through analysis of human hair 
(Malm et al. 1995; Kojima and Araki 1972), human blood (Drasch 2001; Dolbec et al 2000), human 
blood and fish muscle (Clarkson 1973), proteinuria in urine (Bose-O’Reilly 2004; Tsuji et al 2003; 
Drake et al. 2001) and a number of studies have carried this toxicological assessment of risk 
exposure.  
 In the Philippines, Akagi et al. (2000) conducted an analysis of the hair and blood of 162 
school aged children (around 5-12 years old). The study demonstrated the difference between the 
influence of mercury (Hg) vapour due to gold processing and the influence of Methyl Mercury 
(MeHg) from fish ingestion. The authors found that the portion of MeHg in hair ranged from 30 to 
99%. Using the US Centre for Disease Control guideline maximum allowable concentration level of 
Hg in blood of 7.5 parts per billion (ppb) the authors found that 6% of the sampled children had 
elevated Hg levels in their blood. Bose-O'Reilly et al (2003) also studied a mining community in the 
Philippines using MeHg analysis of unwashed hair together with urine analysis to differentiate 
between these mercury pathways. More recently, Lu (2014) tested water samples near ASM 
communities in the largest ASM province in northern Philippines (Benguet) and found that 83% 
were positive for mercury, 29% of which exceeded the maximum allowable concentration of 
0.05 ppb (US Environmental Protection Agency) and 90% were found positive of free cyanide, 5% 
of which exceeded the maximum allowable concentration of 0.2 ppm (US Environmental Protection 
Agency). 
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 In addition to mercury intoxication, cyanide intoxication is also another health risk in ASM. 
Acute cyanide toxicity in the human body can occur through ingestion, membrane absorption, and 
inhalation. The notable long-term effects of cyanide across its different species is the range of 
behavioural and neurological dysfunction (e.g. Parkinsonism) (Allen et al. 2016). 
 However, it had been found that the interaction between organisational malfunctions and risk 
is usually excluded in the health and environmental risk assessments (Renn 1992). Almost two 
decades later, evidence has been compiled on the influences and effects of social inequalities on 
environmental health risks in which the six major ones are: air quality, housing and residential 
location, unintentional injuries in children, work-related health risks, waste management and 
climate change (WHO 2008). This inclusion of social variables into environmental health 
assessments has become an extensive contribution to the health sciences discipline and is nowadays 
firmly established in environmental epidemiology. This has also established that the association of 
socio-economic factors with environmental exposures is significant. However, the WHO report 
claims that further work needs to be completed to understand how environmental risk factors 
operate in the reality of the social context. Attainment of these findings would be very informative 
especially for designing effective policy responses. 
 Other areas such as socio-economic studies in ASM are lacking, and it is further argued that 
there is minimal safety risk research in ASM that informs the increasing hazard exposure due to the 
increasing demands for profit (Basu et al. 2015; Lu 2014).   
2.2.3 Workplace Safety Risks in ASM 
The discussion about health and safety in ASM should not be limited to mercury. There are other 
health and safety risks in the use of equipment. For example, although the so-called gravity-borax 
method is a good mercury-free alternative to protect the miners from health risks, the miners in 
Camarines Norte in eastern Philippines do not adopt this technology because it is more “labour 
intensive” (Koster-Rasmussen et al. 2016). This higher work requirement can produce discomfort 
and ergonomic issues which the miners can find disadvantageous especially when the income 
achieved is almost similar to their mercury methods. 
 Solving health and safety problems should begin at the workplace. When health and safety is 
improved through the implementation of cleaner and safer technology, then other ASM problems in 
the ASM working environment can be mitigated as well. As much as the issues surrounding ASM 
are complex in nature they are interrelated.  
 For that reason, Basu et al. (2015) used an integrated and multidisciplinary strategy in dealing 
with ASM issues. In this study, the analysis of the workplace safety risks in ASM will carefully 
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consider socio-economic drivers to provide a holistic understanding of their effects. The first and 
most important step when assessing risks to individuals and communities is to establish the context. 
Usually, probabilistic risk assessments may reduce safety failures as in complex technological 
systems. This is especially the case in the mining industry where it is hazardous. However, unlike 
formal mining companies, ASM lack historical data to predict and develop a risk assessment 
procedure in the usual way. Additionally, unlike formal mining companies, ASM is characterised 
by the overlap of household and workplace. 
 Over the past 10 years the ASM working population has grown dramatically (Buxton 2013). 
As ASM activities occupy an increasingly large occupational footprint, it becomes even more 
important to improve workplace conditions. With the recent available data estimates, AS miner 
population in the Philippines is around 500,000 nationwide (Verbrugge 2015b), the increasing 
number of people in ASM is driven by many factors including increasing gold prices. The economic 
reward continues to attract labourers from nearby provinces and yet the expanding workforce 
remains marginalised.   
 The social and political marginalisation of the ASM sector translates into reduced access to 
workplace health and safety assistance and services for both miners and other affected groups, such 
as other downstream industries (Gibb et al. 2014). Poor mining practices in combination with the 
use of basic tools and equipment result in frequent accidents and significant environmental and 
health impacts, with the most well-documented of health impacts being mercury exposure (Parchuri 
et al. 2010). Before addressing and redressing investigations into accidents, injuries, and fatalities, 
as well as environmental and health impacts, a holistic view of the community setting is needed. 
 ASM miners vary their mining methods according to the occurrence of the gold deposit and 
its location. They use many mining methods, including alluvial mining along streams and riverbeds, 
open pit mining, and underground mining. All these methods pose safety risks to the miners 
involved (Akabzaa and Darimani 2001). 
 The seemingly easy methods of mining and processing alluvial gold captures the sense of 
inclusiveness in ASM, anybody can perform it: men, women, the elderly, and children. Shallow 
alluvial mining, which is popularly called “dig and wash,” is characterised by ASM miners in 
valleys or low-lying areas who exploit deposits with depths not exceeding 3 metres (Aryee et al. 
2003). Alluvial gold can naturally be liberated but is often partially attached to silts and clays when 
found along river banks. To recover the gold, ASM miners wash the silt or clay in a sluice box to 
disperse the clay. When the mineral deposit lies on or near the surface, miners instead use open-pit 
mining, excavating at depths of 7 to 12 metres. This method is usually more cost-effective and 
requires fewer miners to produce the same quantity of ore than its counterpart underground method. 
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Both methods incur safety risks that require specific control measures. For instance, the risks 
associated with open-pit mine slopes include various forms of ground instability such as slumping, 
mudslides, toppling, or falling of material used as part or whole of a pit slope. Collectively, the 
International Labour Organisation (ILO) estimates indicate that ASM operations worldwide 
experience six to seven times more accidents than those occurring in large-scale mining operations 
(ILO 1999). ASM accidents and fatalities contribute significantly to the bad reputation associated 
with the sector (Buxton 2013; Hruschka and Echavarria 2011). 
 Moreover, few studies exist on occupational injury or health in ASM. In 2011, Long, Sun and 
Neitzel interviewed 173 participants from the Upper East region in Ghana and reinterviewed 22 of 
them in 2013. They found that falls were the most common cause of injury. With legs and knees the 
most commonly reported injury sites, from cuts, lacerations, burns, scalds, and contusions. More-
specific narratives might have allowed further data interrogation to ascertain the extent to which 
water was or was not involved in these accidents. In another study Kyeramateng-Amoah and Clarke 
examined hospital records from the Nkawkaw Hospital in the Eastern Region of Ghana between 
2006 and 2013 and found that the most frequent cause of injury was pit collapse, with fractures, 
contusions, and spinal cord injuries the most common types of injury reported (Long et al. 2015; 
Kyeremateng-Amoah and Clarke 2015). A 2014 study by Calys-Tagoe et al. undertaken in Tarkwa, 
Ghana, interviewed 404 small-scale miners about their occupational injury experiences over the 
previous 10 years. The study indicated that almost a quarter of those interviewed reported being 
injured in the previous 10 years, with the overall rate calculated to 5.39 injuries per 100 person 
years. The rate was significantly higher for women (11.93 per 100 person years) and for those with 
little mining experience (25.32 per 100 person years for those with less than one year of work 
experience). Most of the reported injuries (71 per cent) resulted from miners being hit by objects, 
with 17 per cent resulting from mishandling of tools or machinery, and 5.8 per cent from falls. With 
a lack of reliable records on accidents among those involved in ASM presents an ongoing challenge 
for implementing proactive preventative or mitigating controls to lessen the personal and 
community impacts of injuries. 
2.2.4 Gap Analysis on Health and Environmental Methodologies in ASM 
It is of interest to know what significant progress has been achieved in the last three decades of 
ASM research. A literature search conducted in September 2017 illustrates the trend in ASM 
literature over the last 24 years – from 1993 to 2017 – as shown in Figure 3 and Figure 4.  
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Figure 3: Web of Science Field Categories from 1993 to 2017 (Field categories vs. Number of 
publications) 
 
 
 
Figure 4: Web of Science Literature in ASM (Number of publications vs. year) 
 
 As shown in Figure 3, 4 of the top 5 categories involve environmental impact aspects of 
ASM.  
 The harmful effects of mercury had been recognised since the 1950s after the Minamata 
poisoning incident in Japan arising from human exposure to methylmercury in fish. This incident 
triggered stricter laws to control mercury discharges across Europe, North America and parts of 
Southeast Asia (Hilson 2006). But it was not until the 1990s when a sensational global awareness of 
the use of mercury amalgamation as part of the gold processing methods of ASM started a wave of 
academic consensus on the harmful human and ecotoxical consequences of mercury.  
 A number of cleaner production projects have been performed in developing countries by the 
United Nations Industrial Development Organisation (UNIDO) and often with partnering 
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organisations to produce improved environmental outcomes. In 1995, UNIDO initiated a program, 
High Impact Program No 4, with the main theme to “Introduce New Technologies for the 
Abatement of Global Mercury Pollution”. Following the launch of this program, an international 
workshop was conducted in November 1995, in Jakarta, Indonesia on “Ecologically Sustainable 
Gold Mining and Processing” and it attracted 41 participants from 14 countries. 
 Around 1999, UNIDO initiated programs in a number of countries, including Tanzania, 
Philippines and Ghana, aimed at assessing the potential of introducing and promoting new 
technologies that are more efficient in gold recovery and substantially reduces mercury emissions 
(Hruschka n.d.). These types of programs have enabled donor organisations, such as UNIDO, to 
recognise the severity of impacts of mercury use and exposure in ASM and to initiate action by 
working closely with key stakeholders including governments and local institutions. Stakeholder 
engagement was particularly important at that time in establishing the context of ASM activities and 
their far-reaching impacts affecting international water bodies. Due attention was given to previous 
related studies, to the identification of “hot spot” areas (rivers and water bodies) and estimation of 
levels of pollution resulting from the application of mercury around these hot spots. Apart from 
establishing the most affected international water bodies, barriers limiting the introduction of 
cleaner technologies were established in each of the participating countries (UNDP/UNIDO/GEF 
2001: Annex D cited in Hruschka n.d.). 
 In 2001, the Global Mercury Project (GMP) began to advocate and coordinate a global 
response to reduce mercury releases and minimise negative effects on international water bodies 
(Hruschka n.d.). This appears to be associated with the increased ASM publications relating to 
mercury from 2001 to 2003 (see Figure 4). Its long-term objective is to assess the extent of 
pollution and assist in regulatory mechanisms of six developing countries namely: Brazil, 
Indonesia, Laos, Sudan, Tanzania and Zimbabwe, which are strategically located in the key 
transboundary river/lake basins. Other highlight objectives of the GMP (Hruschka n.d.) are: 
• Introduce cleaner gold mining and extraction technology which minimises or eliminates 
mercury releases. 
• Develop monitoring programs and collaborate with participating governments. 
• Develop policies and legislation that will lead to practical and implementable standards for 
artisanal gold mining. 
• Build capacity of local institutions, e.g., local laboratories through training and material 
support so as to enable them to carry out continuous monitoring beyond the project three-year 
term. 
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• Increase knowledge and awareness of miners, government institutions and the public at large 
on the environmental impacts associated with the application of the current technology. 
• Enhance preceding outcomes through introduction and demonstration of cleaner and efficient 
technology that apart from minimising negative environmental impacts, will improve 
earnings, health and safety. 
 The GMP project concluded in 2007 which appears to be reflected in Figure 4 with the 
decrease of ASM publications on mercury right after that period. From 2008 to 2011, which is the 
first period of increasing trend (Figure 4), 40 out of 80 or 50 per cent of the publications discussed 
mercury-related environmental contamination and human exposure (Tomicic et al. 2011; Bose-
O’Reilly at al. 2010; Bose-O’Reilly et al. 2008). There are those that focus on the mercury levels on 
human hair (Laffont et al. 2011) and urine and blood samples (Baeuml et al. 2011). A few studies 
looked at socio-economic dimensions (Spiegel 2009; Tamara et al. 2011). Another minority group 
of literature during this period attempted to look at strategies for reducing the impacts by 
reprocessing mercury-contaminated waste (Sousa et al. 2010) and adaptive management strategies 
to combat mercury pollution (Velasquez-Lopez et al. 2010).  
 From 2012 to 2017, which is the second sustained period of increase after the sudden drop 
between 2011 and 2012, ASM literature related to mercury doubled to 155 publications. Almost 
half, 48 per cent or 75 out of 155 publications, continue to discuss mercury-related environmental 
contamination and human exposure similar to the first period from 2008 to 2011 (Bose-O’Reilly et 
al. 2017). There were studies on the neurotoxicity of mercury (Sheehan et al. 2014; Bose-O’Reilly 
et al. 2012), other forms of biomonitoring studies (Sanders et al. 2014) and mercury level 
measurements in the environment (Gonzalez-Merizalde 2016). There were still those who focus 
their studies on the mercury levels on human hair (Langeland et al. 2017) and urine and blood 
samples (Afrifa et al. 2017). 
 Figure 4 seems to suggest that the ASM literature in mercury has been generally increasing in 
more recent years despite the global awareness of its effects since the 1950s. However, one key 
limitation in doing research in ASM is that it is rare to find miners who will admit upfront and 
honestly that they are still using mercury despite the mercury ban. The issue of illegal mercury use 
is pervasive in many ASM countries. Yet, there is evidence that suggests that the technology uptake 
for the reduction of mercury is poor in UN-intervened countries such as Tanzania (Jonsson et al. 
2013). In addition to the discussion presented earlier in Section 2.2 that there have been reports that 
not all ASM provinces were willing to accept and adopt the mercury-free technologies implemented 
in the Philippines (Koster-Rasmussen et al. 2016).  
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 After many years of mercury reduction work, mercury abatement is yet to be achieved. After 
the great deal of studies about harmful effects of mercury to the environment, it is already well 
known and established that mercury pollution must be stopped. A review of the literature raises a 
compelling question – why, despite the great deal of scientific studies on mercury threats, do ASM 
communities continue to use mercury? A significant gap remains on how to get safer and mercury-
free technologies accepted in ASM gold processing operations. Research by Jonsson et al (2013) in 
Tanzania revealed that a UNIDO project, of which 235 out of 250 participants were initially willing 
to adopt the mercury-free technology, resulted in no participants from the same village using the 
new technology after the project period. Similarly, in Mongolia, efforts have been made to establish 
mercury-free processing plants and to outlaw mercury since 2008 among the “ninja” miners 
(Hruschka 2011). However, these efforts merely criminalised the miners leading to a problem of 
increased mercury poisoning incidents as miners chose to process using mercury inside their cars 
(Villegas 2013). In addition, the ninja miners had to wait for a period of time for the alternative 
technologies to be constructed and during this time the miners were simply expected to continue 
“stockpiling the ore until processing plants are available” with no consideration given to their 
income needs during this period. 
 Toxicology-based risk assessments are easy to perform but they only generate more data to 
support what is already known. Mercury is the most thoroughly studied risk factor in ASM and its 
toxicity is known from a surplus of scientific information. In general, if the toxin cannot be 
removed by an available treatment process then, the source should be controlled or managed 
(Department of Health, Australia 2012). In the case of ASM, source-control measures can be 
implemented to eliminate mercury and its associated toxicity from the source water, effluents and 
sediments. However, at present, less is known about strategies for successful implementation of 
source-control measures and risk assessments to explore the factors that effectively enhance long-
term acceptance of mercury-free technology in ASM. 
2.3 The Integrated Risk Perspective 
Cleaner and safer gold processing technologies are widely recognised as the best strategy to address 
environmentally unacceptable ASM activities (Hruschka n.d., Veiga et al. 2004, Hinton et al. 2003). 
However, unless the technological introduction uses a holistic and integrated approach that looks at 
a diversity of perspectives regarding environmental, technological and socio-economic issues, then 
the strategy may fail due to barriers (Hruschka n.d.). 
 Barriers to successful implementation of cleaner and safer gold processing technologies force 
miners to use inefficient technology and trap the miners in poor and unsafe working conditions and 
eventually result in adverse negative impacts to the environment. The GMP project in 2001 
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identified eight pertinent barriers to the introduction of cleaner technology in ASM. The barriers 
include, inter alia, the weak institutional set ups, lack of or poor legal and regulatory frameworks, 
lack of technical know-how, lack of access to appropriate technology, lack of information and 
support programs, restrictive minerals marketing systems, inefficient organisational systems and 
limited access to finance (UNDP/UNIDO/GEF 2001: Annex D cited in Hruschka n.d.). 
Interestingly, the barriers have little to do with the engineering performance of the technology itself 
and more to do with the organisational challenges to get the technology up and running in daily 
operations.  
 Although the GMP project was successful in establishing baseline data for intervention 
measures and proving that integrated solutions are required in ASM, further work is needed to use 
data about the barriers in promoting technology acceptance. Buxton (2013) adds that the structural 
dynamics of the ASM sector are poorly understood which makes the initial stages of 
implementation critical. Baseline data on how operators and activities are organised remains limited 
(Hilson 2012) and inadequate to better understand the mutual adaptation that occurs between 
technology and user environment. 
 The complex nature of ASM produced such a diversity of perspectives as discussed in the 
previous sections of this chapter including legal, socio-economic, environmental and health, and 
technological perspectives. Literature in ASM suggests that factors of consideration to understand 
risks in ASM are interrelated, therefore, need an integrated approach in managing them (Aryee 
2003; AFRIM 2012). Yet to date, there is no intervention that has been successful enough to ensure 
acceptance and longer term adaptation in ASM practices. To a certain degree, current interventions 
have worked but not arguably to a fully accepted and functional degree that has changed ASM 
practices to the betterment of all involved aspects. Although the environmental interventions and 
technologies will reduce ecological degradation, other perceived risk factors are often overlooked 
by the government and scientific experts (Jonsson et al 2013). This study attempts to discover the 
risk factors and barriers that prevent strategies working in ASM effectively and continually. 
2.4 Risk Perception and Technology Acceptance 
The successful approach to better manage ASM risks should be “holistic: an approach that looks at 
the social, economic, and governance issues in this part of the minerals sector, alongside the 
environmental concerns” (Danielson 2003). In managing health and safety risks, it had been found 
that the correlation between the perceived average number of fatalities is weak especially when 
compared to the ambiguity of public stigmatisation of that activity (Renn 1983, Gregory et al. 
1995). The same absence of correlation was found in the perceived riskiness of a new technology.  
32 
 Individuals respond according to their perception of risk and not according to an objective 
risk level or the scientific assessment of risk. Scientific assessments are only relevant enough to 
affect an individual response to the degree that they are integrated in the individual perceptions. 
Furthermore, the strength of general impressions of the people about the technology and its 
potential undesirable effects often overrule the statistics (Renn 1992). At the same time, however, 
these perceptions reflect the real concerns of people and include the undesirable effects that the 
workplace safety risk analyses often miss. 
 When scientific data have produced a solution that is environmentally-sound, health-friendly 
and at an acceptable level of safety, it can be assumed that such a solution is appropriate. However, 
appropriateness of technology does not often guarantee acceptability to the target communities. 
Communicating scientific information about risks relating to health, safety and environment can be 
difficult because it depends on people’s perceptions and what matters to them. Covello et al. (1987) 
explains that “government officials, industry executives, and scientific experts often complain that 
lay people do not understand technical risk information and that individual and media biases and 
limitations lead to distorted and inaccurate perceptions of many risk problems. Individual citizens 
and representatives of public groups are often equally frustrated, perceiving government and 
industry officials to be uninterested in their concerns, unwilling to tackle immediate and direct 
actions to solve seemingly simple and obvious health and environmental problems, and reluctant or 
unwilling to allow them to participate in decisions that intimately affect their lives” (Covello et al. 
1987, page 221). 
 Public perception is an important factor in the acceptance of technology whether it is 
innovative but low demand such as self-driving vehicles (Howard and Dai 2013) or basic but high 
demand such as electricity production (Goodfellow et al. 2011). A study on the acceptance of 
nuclear power demonstrated the importance of prior beliefs and attitudes for the interpretation of 
incidents (Siegerist and Visschers 2013). People’s evaluation of hypothetical future scenarios was 
strongly influenced by their own interpretation of a previous technological incident and perceptions 
of related risks (Siegerist and Visschers 2013). 
 Huijts et al. (2012) proposed a technology acceptance framework to understand acceptance of 
new energy technologies based on psychological theories and findings from technology acceptance 
studies. This framework considers both the relationship of acceptance with social or environmental 
benefits as well as potential threats and costs. Risk perception studies are important not only to 
predict acceptance but to also observe salient contradictions that are otherwise overlooked. For 
example, Leiserowitz (2006) argued that while Americans demonstrated high awareness and 
moderate concern for global warming. They refused to accept higher fossil fuel-based energy or 
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gasoline prices. It appears Americans are faced with a contradiction of their perceptions between 
their acceptance of greenhouse gas emission reductions and opposition to selected policies that 
would directly discourage fossil fuel use by consumers. Yankelovich (2002) states that the 
American public is in the “wishful thinking” stage as they do not fully confront this contradiction. 
Instead, they rely on other stakeholder groups to solve the problem without taking the responsibility 
of adjusting their priorities and behaviour patterns. Hence, consumer behaviour may not 
significantly change in a way that would mitigate risks of climate change if the perceptions 
associated with it are not considered a high-priority or an urgent threat. 
  In ASM, addressing the recurring mercury use and its far-reaching health, safety and 
environmental impacts that remain a global challenge 25 years after the first realisation of its 
harmful nature was known and scientifically established should be a high priority. In view of the 
proposition that cleaner and safer technologies is the best course of action, managing risk 
perceptions relating to technology acceptance, therefore is key to the successful implementation and 
sustainable operation of cleaner production technologies. New technology can substitute the 
downward spiral of inefficient technology leading to low productivity leading to poor working 
conditions leading to negative impacts. Sustaining the implementation of this new technology will 
avert miners from being forced back to using inefficient technology under poor and unsafe working 
conditions. Identifying, understanding and managing all stakeholders’ risk perceptions about the 
new technology determines the acceptance of the technology and the success of its implementation. 
In the next chapter, a research methodology is designed to investigate both the group of specific 
workplace health and safety risks and the group of risk perceptions – associated with the 
implementation of a new technology in ASM. 
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Chapter 3 – Research Methods 
From the literature review in Chapter 2, it was found that the ASM context is marked by complexity 
due to the wide range of issues including socio-economic demands, mechanised technology 
challenges, poor health and safety working conditions, mercury-related problems, and formalisation 
difficulties. Different perspectives and field expertise have explored the depth of each of the issues. 
However, there is a need to develop an integrated risk perspective that can enhance success of 
intervention projects by government and donor organisations aimed at mitigating the problems.  
 Especially for the mercury-related problem that continues to be a threat to health and safety, 
an appropriate methodology is needed to capture the breadth of the issues. The literature review 
reveals that there is a gap that requires a risk-based approach capable of identifying implementation 
barriers for new technology into ASM. Following through the research outline in shown Figure 2, 
this knowledge and research gap will begin to be addressed in Chapter 3.  
 The aim of this chapter is to demonstrate the development of a methodology that is capable of 
delivering evidence-based understanding of the ASM context and its unique workplace health and 
safety conditions. This methodology takes into consideration the lack of existing reliable data which 
limits the ability to undertake conventional workplace safety risk assessments.  
3.1 Research Design and Rationale 
Undertaking research in ASM involves the study of a complex social phenomenon. This complexity 
requires different kinds of methods to be best understood (Greene and Caracelli, 1997). Combining 
qualitative and quantitative methods has been supported in research literature into people’s 
perception of risk and behavioural sciences where qualitative research method in itself was found 
inappropriate (Georgoulias 2008, Edmondson 2006).  
 In this study, the ontological and epistemological perspective taken is the pragmatic approach. 
Focussing on proving useful knowledge oriented towards solving real world problems, the study 
warrants the use of multiple and mixed methods in social and behavioural research (Tashakkori and 
Teddlie 2003). The author collected mixed forms of data, including qualitative open-ended 
interview data and field observation data, and quantitative survey data. Using these methods, an 
exploratory investigation is made from the responses of key stakeholders who have been 
encouraged to talk openly about the risks they perceive before and after implementation of the new 
technology. Exploratory research is the best possible approach when dealing with grassroots 
sensitive information that can potentially expose illegal activity (Troshynski and Blank 2008). This 
type of approach demanded pre-established trust to elicit relevant information as would be expected 
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from the informal and marginalised nature of ASM operations. In addition, the large number of risk 
factors involved in complex ASM required the use of variables and categories as in quantitative 
research (Creswell et al. 2003). 
 Although health and safety is of primary interest in this research, an immediate deep dive into 
the health and safety risks is not practicable. A broad view represented in an organised framework 
can allow a vast number of risk factors to be identified in a meaningful way (Sicotte and Pare 
2010). The ASM context is characterised by risks associated with potential impacts on the 
environment, society, cultural heritage and the health and safety of those working on and living 
close to ASM activities (Seccatore et al, 2014 p.405). The successful approach to better manage 
ASM risks should be “holistic: an approach that looks at the social, economic, and governance 
issues in this part of the minerals sector, alongside the environmental concerns” (Danielson, 2003).  
3.2 The Risk Management Framework 
This research aimed to investigate the health and safety risks in the introduction of a semi-
automated gold processing plant technology to the ASM communities in the Philippines. The design 
of this study built on the risk management process recommended in ISO 31000 – the International 
Standard for Risk Management. The standard provides the principles that are prerequisite to make 
any form of risk management effective. It recommends that organisations should have a framework 
that integrates the process for managing risk into the organisation’s overall governance, strategy and 
planning, management, reporting processes, policies, values and culture. The risk management 
process design was highly suitable in providing a holistic and robust approach especially for a 
system, such as ASM, where it is informal and lacks reliable and available information to draw 
from (AS/NZS ISO 31000:2009). 
 The technology to be introduced and implemented is semi-automated, centralised and offers a 
cleaner impact to the environment. The semi-automated aspect of the technology clearly reveals the 
contrast between the old ASM methods and the new technology in terms of processes and practices. 
Here, the interaction between its implementation and the associated health and safety risks were 
readily investigated.  
 There are many ways to address the complex system of ASM, but this study aims to 
contribute in the health and safety aspect by considering all relevant risk factors that are 
fundamental to the ASM context. Given the complexity of the ASM context, it is better suited to 
use tools and a framework across disciplines. 
 The limitations of the conventional methods of health and environmental risk assessments 
have been established (Section 2.2.3). Furthermore, the existing approaches of workplace safety risk 
 36 
assessments in mining (Section 2.2.4) have been identified to be inappropriate. Therefore, in the 
risk assessment of this study, both observed risks and perceived risks are examined.  
 Observed risks relates to observable indicators that are differentiated from perceptions and 
self-reports of individuals (Schulz et al. 2013). Meanwhile, perceived risks are risks that reflect the 
real concerns of individuals and incorporate the undesirable effects that the technical analysis of 
risk often miss (Renn 1992). Perceived risks or risk perceptions may vary between individuals and 
may be lower or higher when compared to observed risks. However, both are equally relevant in the 
health and safety risk assessment because the level of uncertainty can be measured but cannot be 
absolutely reduced. The combination of the two can most likely produce a realistic judgement on 
risk acceptability and risk tolerability. In the case of AS miners who have been working in such 
dangerous conditions, the level of risk that they are willing to take in order to meet their needs are 
often higher than fixed-rate workers in formal industries. 
 All activities by any organisation involve risk. The major function of any risk-based approach 
is to reduce complexity by prioritising actions that, within social systems, reflect social values and 
lifestyle preferences (Renn 1992). A parallel concept of risk is used for decision-making and 
evaluating potential impacts of possible events on the achievement of objectives (Rennie 1961). 
 Risk management processes are used across an entire organisation and within its many areas 
and levels, as well as to specific functions, projects and activities to identify the risks that need to be 
managed to ensure the sustainability of the organisation (AS/NZS ISO 31000:2009). Moreover, the 
risk management process should not only be an integral part of management but also “embedded in 
the culture and practices, and tailored according to the processes of the organisation” (AS/NZS ISO 
31000:2009, p. iv, 13). The activities that constitute the risk management process are shown in 
Figure 5. 
 
Figure 5: The risk management process (AS/NZS ISO 31000:2009) 
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 In this study, the method used to assess the health and safety risks associated with the 
implementation of a cleaner gold processing technology in the Philippines (RQ1) was adapted from 
the process recommended in ISO 31000 – the International Standard for Risk Management – as 
shown in Figure 5. In addition, the method allows the investigation of risks associated with the 
implementation of technology that are relevant to the key stakeholder groups in ASM namely, 
government, technical groups, advocate groups and the AS miners (RQ2). 
 The first step in the process is to establish the context which is discussed in Section 3.2.1. The 
second step is risk assessment which involves the identification, analysis and evaluation of risk 
which are detailed in Section 3.2.2. 
3.2.1 Establish the Context 
The context in this study was the current semi-mechanised gold processing techniques used in the 
Philippine ASM industry and its interaction with the recent introduction of its alternative, a 
mercury-free and cyanide-free semi-automated technology. The manner by which the technology is 
delivered to the end users depends on what and how the context is established. As Leonard-Barton 
(1988) stated that although the resulting misalignment due to the technical attributes of an 
innovative technology is obvious, the ramifications of judgements and perceptions are not. 
Inadequacies which are not technical in nature and are no longer the responsibility of the 
technology developers are threats that can lead users to reject, underuse or even sabotage the 
innovation (Leonard-Barton 1988, p. 257). 
 Establishing the context is a crucial step because any risk strategy will fail if the context lacks 
precise understanding of the problem (Joy and Griffiths 2005). For instance, health and safety 
problems in ASM, as Buxton (2013) notes, are made more complex by interactions among 
political/regulatory, environmental, economic, social/community and technological factors that 
underpin the ASM contexts. Only when the background is established, can the risk management 
process be appropriate and effective (International Organisation for Standardisation 2009; Standards 
Australia/Standards New Zealand 2004b, 2004c). In the following sections the context is 
established in terms of (i) the new technology introduced, (ii) ASM locations, and (iii) stakeholder 
target groups studied. 
(i) Description of the Cleaner Technology 
 The 10 metric tonne gold processing plant introduced in the Philippines is a centralised and 
innovative cleaner technology that offers a more efficient and safer method. A controlled circuit 
involving automated gravity concentration will replace mercury amalgamation to extract gold from 
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ore. The new technology exploits the specific gravity of gold which is 19.3. This is heavy enough to 
achieve gravity-induced gold separation and a safer alternative to the alloying chemistry of gold to 
mercury. The use of toxic chemicals such as mercury has always been a central concern of social 
and environmental issues relating to ASM (Section 2.2). It is not possible to describe the technology 
in more detail due to confidentiality requirements. 
(ii) Description of Study Sites2 
 Benguet, Agusan del Norte and Compostela Valley are among the major ASM provinces in 
the Philippines. These provinces are located near the Philippine Fault zone (PFZ) which transects 
the country from north to southeast as shown in Figure 6. The prevalence of ASM activities in these 
areas are due to the abundant epithermal gold and porphyry-style copper gold mineral deposits 
associated with the fault zones (Besana and Ando, 2005; Philippine Institute of Volcanology and 
Seismology, 2000). 
 ASM operations in Benguet are perceived as old and traditional in terms of mode of 
tunnelling and gold extraction, as compared to other ASM areas of the Philippines. The cyanidation 
process of gold extraction is used more widely by the small and corporate small-scale mining 
associations than amalgamation using mercury. Having inherited their skills from their ancestors, 
the knowledge of gold mining possessed by the AS miners in Benguet has been shaped by years of 
experience. Some migrant miners from the lowlands have also learned the skill. Altogether this 
hierarchy of non-industrialised miners form a community of artisanal and small-scale mining 
without distinction between miners who use the traditional method and miners who employ 
mechanised and more advanced technologies. 
 
                                                 
2 This section contains excerpts from the book chapter, Logrosa et al., 2018. ‘Is it possible to Integrate WHS Risk 
Management into Mechanised Gold Processing? A Methodology for Artisanal and Small-Scale Mining (ASM) 
Communities in the Philippines.’ Lahiri-Dutt, K. (ed). Between the Plough and the Pick: Informal, Artisanal and Small-
scale mining in the contemporary world. With permission by the authors. 
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Figure 6: Map showing the study locations relative to the Philippine Fault Zone (bold solid line) 
across the Philippine archipelago adapted from Besana and Ando, 2005 
 
 The traditional mining in Benguet typifies a seasonal category of ASM miners. The Kan-
kanaey tribes in Benguet treat mining as a family-based activity performed during agricultural off-
seasons. The ore processing stage is performed usually by the women, while the rest of the stages, 
such as ore extraction, milling, gravitation, and panning to separate gold from the ore are performed 
by the male members of the family. Until 1996, the tools used were simple, such as iron chisels, 
double-sided iron hammers with a wooden handle, iron crow bars, iron shovels, and battery 
operated lamps. Initial breakage of the ores is achieved using improvised crushers. After this, 
grinding proceeds, as the ores are loaded into rod mills or ball mills. This is followed by smelting 
and processing wherein women do most of the work (Caballero 1996 as cited in Lu 2012).  
 A different outlook is provided by the ASM community in Compostela Valley Province, also 
known as ‘ComVal’. ComVal typifies a gold rush-type ASM practice that has sustained itself for 
more than 30 years. The brief settlement history of the ComVal uplands may offer a useful 
perspective in understanding its ASM context. Throughout the 1950s and 1960s, expansion of 
corporate logging and mining brought with it to ComVal the massive influx of migrant workers 
from Visayas and Luzon, which are located in the central and northern part of the Philippines. The 
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gold rush in the 1970s and 1980s expedited the utilisation of both the migrant workforce and the 
unskilled ‘indigenous labour’ in large-scale companies such as APEX mining in the municipality of 
Maco, and SABENA mines in New Bataan. However, the gold rush was short-lived. The downturn 
of large-scale mining in the 1980s forced the impetus towards the expansion and transformation of 
ASM through the creation of a skilled workforce reserve. 
 In terms of working practices and degrees of mechanisation and capitalisation, Verbrugge 
(2014) classified ASM in ComVal into three pertinent categories. The first category is river 
panning, which is an alluvial mining technique that captures coarse gold, in some cases gold 
nuggets, using a simple pan or sluice box. The miners rely on natural conditions such as the passage 
of heavy rain, which tends to loosen gold-bearing dirt. The second category is self-financed 
tunnelling operations in which a ‘corpo’ is formed by the miners and resources are pooled among 
themselves. The third category, which is supposedly the defining feature of ASM in ComVal, is the 
bigger tunnelling operations. Here, the operations are characterised by a much higher degree of 
mechanisation and employing heavy machinery such as pneumatic drills, excavators, explosives, 2-
MW diesel generators, water pumps and mine carts. Consequently, the degree of labour 
specialisation also increases, providing employment no longer limited to the usual portal guards, 
carpenters and electricians. Some cases reveal the hiring of chemists and geologists. A fourth 
category, which is not highlighted in Verbrugge’s account but is still worth noting, is the ‘banlas’ or 
hydraulic mining which uses high-pressure jets of water to dislodge rock material or loosen packed 
gold-bearing sediments. 
 Agusan del Norte is not as widely studied as compared to the other 2 ASM provinces. Recent 
study findings (Buscano and Guingguing 2012) in the province revealed an active ASM sector 
identified through ingenious pick-and-shovel techniques for gold mining, and  crude gravity-
concentration  practices  for  gold processing. The study presented the environmental problems 
affecting the province that were associated with ASM activities. For example, high turbidity values 
of the Kalinawan river and incidence of oil and grease contamination. However, despite such 
problems, the study claimed that the positive contribution of ASM was evident in mitigating 
poverty in the province (Buscano and Guingguing 2012). 
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(iii) Description of Target Groups 
 To determine the risk perceptions of the new technology, the study participants included a 
diverse range of key stakeholders from across the three different provinces. The key stakeholder 
groups associated with the introduction of the 10 metric tonne processing plant include the 
technology development group, national and local government representatives, advocate groups and 
the AS miners. The collaborators of the project including the technology providers were part of the 
participants interviewed during the data collection stage of this study. The technology development 
group included technical experts, project leaders and engineers (metallurgical, civil, mining and 
mechanical) responsible for the design, construction and testing of the new processing plant. The 
government representatives included those serving national and local executive roles, legislative 
assembly member, department directors, small-scale mining regulators and barangay (village, 
smallest unit of government) captains. Advocate groups included various non-government 
organisations (NGOs) that publicly support, promote and lobby for the human rights and 
entitlements of ASM special groups such as indigenous people, women and children. Finally, the 
AS miners included adult individuals from 18 to 65 years of age who have been directly working as 
a gold processing operator for a minimum of two years. 
After establishing the context the risk assessment was determined. The risk assessment was 
structured in two streams, a systematic health and safety risk assessment and a risk perception 
analysis. The first stream gathered data from the interview transcripts and the field notes and videos 
from in-field observations. The second stream gathered data from the interview transcripts and 
forced-rating surveys. 
3.2.2 Systematic Health and Safety Risk Assessment 
The aim of risk identification is to generate a comprehensive list of risks based on those events that 
might create, enhance, prevent, degrade, accelerate or delay the achievement of objectives. The 
process typically consists of unidirectional series of steps as shown in Figure 7. These initial steps 
form the risk identification stage that involves identifying sources of risk and areas of impacts. It 
also includes the identification of events and their respective causes and potential consequences. 
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Figure 7: Systematic health and safety risk assessment model 
 
 The first stream of risk assessment conducted in this study was a targeted risk hazard 
identification and analysis process was conducted on the semi-automated technology that will be 
introduced and the current ASM gold processing techniques. The first step which is the hazard 
identification and analysis outlines common workplace hazards in the ASM sites and in the current 
semi-mechanised operations. The next step is identifying contributing factors which can be intrinsic 
to the individual or to the work environment. The process then proceeds to the consequence analysis 
step to examine the possible effects of the possible risks arising from the identified hazards and 
contributing factors.  
 Another element to the health and safety risk assessment process is risk analysis. Risk 
analysis involves developing an understanding of the risk in terms of its causes and sources, its 
consequences, and the likelihood that those consequences can occur. 
 A risk matrix was constructed to determine risk levels and estimate severity appropriate to the 
Philippine ASM context. Using the matrix, a comparative analysis was performed in terms of the 
safety controls in the semi-mechanised technology and semi-automated technology, respectively. 
Finally, the risks in both technologies are evaluated to determine whether or not the new technology 
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is safer and can improve the health and safety conditions in the ASM gold processing workplace 
environment. The health and safety risk assessment is discussed in detail in Chapter 4.  
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3.2.3 Integrated Risk Perceptions Assessment 
The second stream of the risk assessment involved the holistic identification of the risks – 
uncertainties that matter because they can impact stakeholder objectives - within the scope. To 
achieve a holistic identification and analysis, the integrated risk perceptions assessment model was 
developed with three layers of analysis as shown in Figure 8 following. 
 The integrated risk perceptions model aimed to elicit a good understanding of the range of 
risks that could influence the acceptance of mercury-free gold processing technology to be 
introduced in the major ASM provinces of Benguet, Agusan del Norte and Compostela Valley.  
 The analysis began by determining the perceived effect on objectives – either positive or 
negative. This first layer of the analysis (Figure 8) was derived using SWOT analysis (strengths (S), 
weaknesses (W), opportunities (O), and threats (T)). S and O are positive while W and T are 
negative. In this analysis, risk perceptions are classified as positive when participant responses 
related to positive internal factors and positive system interactions with the surroundings. Whereas, 
risk perceptions are classified as negative when participant responses related to negative internal 
factors and negative system interactions with the surroundings. The primary use of the SWOT-
based positive-negative analysis is the identification of strategic possibilities by linking internal and 
external factors that influence the observed system (Srdjevic et al. 2012) which in this study is the 
implementation of mercury-free technology in the Philippine ASM industry. 
 The result of the positive-negative analysis level is a list of factors that can then be used for a 
second layer of analysis (Figure 8) which is a PHEST categorisation (political and/or legal (P), 
health, safety and environmental (H), economic (E), social (S), and technological (T)). This 
combination of the positive-negative analysis and PHEST categorisation is an acceptable practice to 
overcome the disadvantages of a stand-alone SWOT analysis as indicated by Hill and Westbrook 
(1997). Hill and Westbrook (1997) argued that the single level analysis in a SWOT analysis is 
inadequate and should require a more rigorous and meaningful way of producing insights such that 
the outcomes can be structured for further investigation. This rigorous and meaningful structuring 
of insights is carried out by using the PHEST categorisation. For every category, relevant 
stakeholder groups or subject matter experts can further investigate and go beyond description 
working towards more specific terms. 
 Jardine et al. (2003) discussed that eliciting risk perceptions involves the aspects of financial, 
operational, competitive, political (public perceptions/image), social, cultural and legal in the 
sector’s functions. After a broad range of risk perceptions are elicited, methods of categorisation, 
such as PESTLE (which adds legal and environmental factors) and PEST (Political, Economic, 
Social and Technological) are often used. This is a well-accepted research methodology practice in 
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health studies literature relating to technology implementation (Sicotte and Pare 2010; Pirnejad et 
al. 2007). PEST analysis is a widely used tool to assess the risk concerning a business or any 
organisational unit (Stasytyte, 2012; Baert et al., 2012). “PEST is useful to break free from 
unconscious assumptions and to effectively adapt to the realities of the new environment” (Halik, 
2012 p. 14). Often, additional factors can be added flexibly such as legal and environmental, to 
make modifications in the form of PESTLE/STEEPLE (adding ethics and demographic factors) 
analysis model of categorisation (Fozer et al 2017; Zalengera et al. 2014; Srdjevic et al. 2012).  
 
Figure 8: Integrated risk perceptions assessment model 
 
 In the study, after the risk perceptions are identified per category, they are analysed in their 
potential likelihood and consequences (AS/NZS ISO 31000:2009; Hancock 2010) with respect to 
the technology introduction. The risk perception is evaluated in terms of its significance either 
before or after the technology implementation. If the risk perception cannot be categorised into 
before or after, then the risk perception is classified as “independent” of the technology 
introduction. The results of this qualitative and quantitative analysis of risk perceptions is discussed 
further in Chapter 5. 
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Figure 9: Identification of risk perceptions by linking internal and external factors that influence 
the observed system. 
 
 Earlier in the first layer of positive-negative analysis, risk perceptions were classified as 
positive when participant responses related to positive internal factors and positive system 
interactions with the surroundings. Whereas, risk perceptions were classified as negative when 
participant responses related to negative internal factors and negative system interactions with the 
surroundings. The system interactions with the surroundings are illustrated in Figure 9 where 
internal factors correspond to ‘after’ risk perceptions by the participants whereas external factors 
include the ‘before’ and ‘independent’ risk perceptions. Noting, the ‘before’, ‘after’ and 
‘independent’ risk perceptions which were part of the integrated risk perceptions model in Figure 8 
was assimilated into Figure 1 discussed earlier in Chapter 1. Examples of after, before and 
independent risk perceptions are discussed in detail in Chapter 5 using actual risk comments from 
stakeholders. 
 In the third layer (Figure 8) of the risk perceptions assessment, the before-after scheme 
overcomes the weak link of a simple SWOT analysis to the implementation phase which was 
another SWOT analysis weakness identified by Hill and Westbrook (1997). In this study, the 
before-after scheme was designed to identify what changes stakeholders perceive will occur when 
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the mercury-free technology is introduced. This study occurred prior to participants using the 
technology hence the participants were asked to provide their perceptions on risks prior to and after 
the technology implementation. This is important to understand that the scheme is based on risk 
perceptions as shown in Figure 9 and it is not dependent on time. There was no maturity process 
through time that occurred between the before and after introduction of technology. In addition, the 
before-after scheme was designed such that an increase or decrease in the number of risk 
perceptions of the stakeholders can be observed and measured as discussed in detail in Chapter 5. 
 The complexity and interdependence of risks in ASM required a similar categorisation model 
which had been modified to PHEST and HSEEST (health (H), safety (S), environment (E), 
economic gain (E), social welfare (S) and technology (T)). For the analysis described in this study, 
“health, safety and environment” has been added to form the PHEST analysis from PEST.  
 Finally, the risk perceptions are evaluated in terms of their significance and effect on 
objectives, in which effect can either be positive or negative. To orderly organise such a large 
amount of rich data, Nvivo 11 software was used. The use of this software facilitated a series of 
alterations and iterations after every peer-review process, as discussed in detail in Section 3.5. 
 An integrated risk-based approach is important because risk is the uncertainty that matters. 
Uncertainty in ASM can present from a large amount of diverse sources. Diverse forms of 
uncertainties can affect the introduction and implementation of the new technology. ‘Integrating’ 
means promoting something but not at the expense of another. Introducing an alternative 
technology to the existing mercury-laden methods is not simply a technology focused initiative. The 
integrated risk perceptions model looks at the interrelationship between political, health and safety, 
environment, economic, social and technological risks. 
3.3 The Triangulation Design 
To analyse the data in a manner that produced meaningful insights from the information collected, 
this study adopted the triangulation method (Hesse-Biber 2010) of data analysis represented in 
Figure 10 to derive a more complete, evidence-based understanding the risk factors affecting the 
successful implementation of safer and mercury-free technology in ASM. In this way, the 
researcher looked for a convergence of the data collected as evidence of meaningful insights to 
enhance the credibility of the research findings. Researchers find the triangulation design to having 
‘intuitive sense’ and being ‘efficient’ since different types of data are collected at the same time and 
the same phase of the research (Creswell and Clark 2007).  
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Figure 10: High-level representation of research methods used to collect data. 
 The entire process of risk assessment in this study can be visualised as a series of analytical 
techniques in which the researcher examines patterns and links between data. Included in these 
techniques is “grouping” textual data from the interview material into variable-like categories. Then 
“quantising” proceeds where qualitative codes are transformed into quantitative variables (Miles 
and Huberman 1994; Sandelowski et al. 2009). In addition, this process employs the sequential 
exploratory mixed methods design to assist in generalising findings (Creswell, 2003).  
 The positive-negative grouping layer of the analysis (Figure 8) revealed the attitudes towards 
the implementation of the new technology. When given the opportunity to talk about their 
experiences and perceptions, the interview participants discussed the risks that matter to them and 
that are most salient in their actual conditions. This justifies the need of open-ended interview 
methods because “the interviewees’ attention would most likely direct itself toward what they 
consider to be the most important set of codes” (Hesse-Biber and Carter 2004). The interviews had 
78 respondents. First, the risk comments were examined using the risk perception analysis model 
shown in Figure 8. Relevant and appropriate codes or themes are critical in assessing and 
understanding the risk factors affecting acceptance of safer and mercury-free technology in ASM. 
Moreover, this polarised data grouping is parallel to affirmative-negative model of implementation 
studies of major public sector projects (Bemelmans-Videc et al. 1998) where, for example, 
economic means in policy instruments may take the form of incentives or contracts, or negative in 
the form of sanctions or fees. Risks, as defined in ISO 31000 standard for risk, can have positive 
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and negative effects towards the implementation of the new technology. The participants discussed 
various risks which they perceive to be important. The participants’ risk perceptions are represented 
in the list using higher order themes that are all-inclusive of the risk factors identified from the 
interview data. Information about the pertinent factors that impact the successful implementation of 
the new technology is needed. The pertinent factors include ASM community acceptance, different 
stakeholder priorities and multiple administrative levels of the project. Such factors observed in 
major public sector projects are often complex and their outcomes are not always predictable 
(Samset et al. 2016). Fischhoff et al. (1984) suggested a risk-based approach general enough to be 
adjusted to diverse issues and value systems. The approach was demonstrated in the risk evaluation 
of implementing energy technologies.  
 Given that the context of ASM is a complex and often conflicted case, it is better suited to 
gather empirical evidence from qualitative and quantitative data that are mutually constitutive in 
forming a model for ASM. To use the best approach for research studies of complex systems, 
Corman et al. (2002) suggests that: 
“the method must be applicable across different scales of aggregation and contexts and must 
be able to operate in these simultaneously. To provide deep understanding, we must have 
access to the words people speak or write. At the same time, we cannot reduce 
communication to message transmission. We need empirical evidence of the communicative 
coordination and control of activity to be able to claim that communication and organisation 
are mutually constitutive” (Human Communication Research, p. 164). 
3.3.1 Observations by way of immersion 
To identify observed risks, the study used interviews and observations as shown in Figure 10. To 
identify perceived risks, the study used interviews and surveys. Field observations were conducted 
by the author during the actual site visits. The observation process focused on actual manual 
handling and equipment used in a typical working day in an ASM community. This was completed 
by the author during visits to processing sites during the day, observing specific tasks and capturing 
interactions and events that the subjects may be unwilling to discuss in an interview. Observations 
were also conducted with video recordings of the subjects, their interaction with each other, the 
conditions of the workplace, the effect of the workplace conditions to behaviour, etc. Recorded 
observations allow the researcher to repeatedly review relevant details that may escape awareness 
of the both researcher and participant at the time of interaction, hence a thorough analysis making 
the hazard identification step very effective. It is also a practical means for the researcher to have 
primary data records of the entire workplace environment to review as often as needed during the 
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data analysis stage of the research. Field notes taken during the observations were then analysed as 
described in Chapter 4. 
3.3.2 Method of Interviews 
Interviews were conducted in local community areas where the technology will be constructed, in 
government offices and at the university. The in-field semi-structured face-to-face interviews were 
aimed at gathering information about the relevant risks in gold processing in ASM communities. 
Perceived risks from the interview data are discussed in Chapters 5 and 6. Interview participants 
included representatives from the different stakeholder groups. The duration of the individual 
interviews ranged from 40-60 minutes. Prior to the fieldwork, the author trialled and refined the 
interview process then ethics approval was obtained from The University of Queensland. All data 
reported in this study was obtained from fieldwork conducted by the author in 2015.  
 Data generated from the in-field interviews included field notes, audio and video recordings, 
and transcripts. Primary data from interviews and observations are very practical to identify risk 
perceptions in the absence of reliable documentation and statistical records regarding ASM. This 
lack of formal records is primarily due to the informal and often illegal nature of their operations. 
Informality and marginalisation of ASM has caused serious under-reporting which limits the ability 
to undertake conventional workplace safety risk assessments. However, in this study, the risk 
perceptions of the participants, especially the AS miners, are rich in experience-based knowledge 
which provides information about the observed and experienced health and safety risks in the 
workplace. Health and safety information from interviews was then correlated using other data 
collected by the researcher through noted observations and video recordings. 
 The interdependence of risks can be exploited to ensure that the identification of risks and 
potential risks is comprehensive. Most risks are easily identifiable given known and familiar 
circumstances. Meanwhile, there can be potential risks that may emerge under unknown or 
unfamiliar circumstances. In identifying risks and potential risks, a risk investigator who is coming 
into the ASM environment for the first time may find it disorderly (Verbrugge 2015b). One distinct 
example is the varying working arrangements. Comparing across countries, ASM in Tanzania 
(Jonsson and Fold 2009) have distinct differences from the ASM in the Philippines (Verbrugge 
2015b). There are stark differences even within a single country, ASM in Compostela Valley in 
southern Philippines have a higher level of mechanisation and capitalisation (Verbrugge 2014) 
compared to its traditional northern counterpart, Benguet (Caballero 2006). These potential issues 
were less significant in this study as the researcher comes from a Philippine ASM community. 
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3.3.3 Immersion Methodology to Capture Range and Depth 
The interview data was essential to understand and to grasp reality within the context of ASM. 
Hence, the accuracy of the information from the interview method can only be achieved through 
immersion into a specific ASM community. In doing this there is greater potential to not only 
gather relevant information on the existing mechanisation systems and local practices (Gitau et al. 
2010) but to also understand the full impact and contextual relevance of the project in the 
communities. This risk-based immersion methodology was used to actualise the data collection of a 
broad range of risks from which insights can be produced. This risk identification from the 
grassroots (AS/NZS ISO 31000:2009) had been comprehensive in producing insights from the 
range of impacts that the semi-automated technology can have on the ASM communities in the 
Philippines. Different risks were identified by the participants who represented different stakeholder 
groups. Grassroots sourcing in risk identification is especially necessary for health and safety risk 
perception studies (Dosman et al. 2001).   
 As the nature of ASM is informal, necessary data are often undocumented. Insights produced 
from the interviews are complimented by the empirical findings from the surveys. In doing so, the 
risk-based model should identify how the technology will impact AS miner health and safety, and 
inform stakeholders of the range of risks that need to be managed to ensure acceptance of the 
implemented technology. This methodology is well accepted in other study disciplines that 
commonly investigate about appropriate implementation strategies. For example, in agricultural 
engineering, safety and ergonomics is commonly investigated by asking farmers to contribute 
information (Gitau et al. 2010). 
 It has been established in Chapter 2 that the ASM context is complex. This premise is 
carefully accounted for in conducting the interviews. The interview format is designed to be semi-
structured and open-ended. Across all stakeholder groups, the three overarching questions were: 
• What are the risks in the current ASM methods of gold processing? 
• What are the risks you perceive in the new semi-automated technology for gold processing? 
• Will you accept/support this new technology? Why or Why not? 
 The interviews were intended to be exploratory in nature in order to provide comprehensive 
baseline information about risks, especially when asked about their health and safety risks, AS 
miners can respond with reluctance due to the possibility of involuntary self-incrimination. The 
informal and often illegal nature of their operations requires trust to elicit relevant information. 
 The semi-structured and open-ended format disallowed the possibility of the interviewer 
leading the dialogue. Each interview was usually catalysed by the participant’s response about the 
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risks in ASM and proceeds in order of importance to the interviewee. The interviewer would follow 
their lead and ask probing questions where necessary. In doing this, the depth of the issues is 
captured in a way that is meaningful to the participant. Towards the end of the participant’s length 
of response, the interviewer prompts other risk categories of interest in this study (i.e., either 
political, health, safety and environmental, economic, social and technological) that have not been 
covered in the response.  
 However, during the interview process, it was realised that the semi-structured interview was 
limited in teasing out information about the significance, priority or perceived controllability of 
risks being discussed. For example, participants might provide insight on common risks – those that 
are more prevalent; but not necessarily identify the most important. The researcher’s background 
provided an intuitive understanding that a supplementary data instrument should be added. Hence, 
the forced-rating survey was added which is discussed next in Section 3.4. 
3.3.4 Forced-rating survey method 
Emerging insights directly from the interview data helped shape the point of departure and choice 
of what risks to focus on. Initially, the study took an analytical approach that was more inductive in 
nature (qualitative) as the intent was to develop a data-based model of risk management appropriate 
for ASM. This process is more exploratory than the usual model development of health and safety 
risk management in formal industries. 
 Some exploratory studies use quantitative techniques when comparing between groups of 
people. In an exploratory study by Krysan (2008), survey data collection was used to compare the 
differences in the manner of searching a house among people in different racial groups. Close-
ended questions in surveys allow the measurement of meaningful distinctions (Neuman 2003) 
especially when there is a level of ambiguity in the interview responses regarding risk categories. In 
addition, more specific answer choices yield more information (Neuman 2003) such is the case of a 
forced-rating survey design where participants are required to make specific decisions. 
 In this study, a third data collection was introduced to complete the triangulation of methods 
as shown in Figure 10. This method was in the form of a forced-rating survey to cross-check two 
main issues:  
• Are the risks that are most commonly identified in the interviews corresponding to the most 
important and of highest priority?  
• How do the prevalence, importance and priority of risks compare across the different 
stakeholder groups?  
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 The survey participants were provided instructions to give a unique rating to each statement 
describing health (H), safety (S), environment (E), economic gain (E), social welfare (S) and 
technology (T). The HSEEST survey was administered to a random sample of the interviewees after 
they had completed the interview session. 
 Statistical tests were carried out to test differences between stakeholder groups with careful 
consideration of the differences in the sample size of each group. Noting that while the interviews 
had N=78, the surveys only had N=50 as the survey was started part way through the fieldwork, 
with only two project locations represented in the surveys, whereas interviews were conducted 
across all three project locations.  
3.4 Design of Analysis using PHEST and Nvivo 11 Software 
The analysis methods of the research project obtained its raw information from a breadth of 
different interview sources. Interview data was collected from 78 participants who represented four 
different stakeholder groups (technical, government, advocate and AS miners), three different ASM 
project locations (Benguet, Agusan del Norte and Compostela Valley) and two levels of influence 
(national and local). The interview method in this research was designed to collect data about 
technology introduction impacts; range of risks within the ASM context; risk comments that refer to 
positive risk perceptions, opportunities and strengths; and risk comments that refer to negative risk 
perceptions, threats and weaknesses. The large number of risk factors produced from the processes 
of identification and analysis required the use of variables and categories as in quantitative research 
(Creswell et al. 2003). 
 The risk identification and analysis elements of the process, as previously shown in Figure 5, 
were conducted to identify the complete range of diverse risks associated with implementing new 
ASM technology; a PHEST analysis approach was used.  
 PHEST served as the broad framework for thematic analysis and coding of interview data. 
Thematic analysis was chosen because it is a widely accepted method of extracting clear findings 
from immense, complex and detailed data chunks of text and coding them into defined categories 
(Joffe and Yardley, 2004). PHEST was used as the framework because it allowed the categorisation 
of stakeholder risk perceptions and consideration of predominant concepts brought up during the 
interviews. In addition, salient nuances and undercurrents of the responses associated with the 
introduction of the 10 metric tonne processing plant appropriately fitted into the political, health, 
safety and environment, economic, social and technological categories. The coded text was then 
used to numerically describe and further analyse the salient categories.  
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 For the data analysis used in this study, the definition (Stasytyte, 2012; Halik, 2012; Kralj, 
2009) used for the PHEST categories were: 
Political: Refers to comments relating to legal and regulatory issues – elections, employment law, 
consumer protection, current/future political support, effect of conflicting interests between parties, 
environmental regulations, industry-specific regulations, competitive regulations, inter-provincial 
relationships/attitudes, war, insurgency, political trends, governmental leadership/changes, 
current/future taxation policy, government structures, contending for power, province- or barangay-
specific property rights and the rule of law, corruption and crime issues, etc. 
Health, safety and environment (HSE): Refers to comments relating to public health, workplace 
health and safety, level of pollution produced by technology, waste disposal/management, 
emissions, recycling/re-using considerations, natural disaster, etc. 
Economic: Refers to comments relating to economic growth trends in the country and across 
provinces, price of gold, capital sources/availability, specific taxes and tax trends, government 
spending levels, disposable income, level of unemployment, exchange rates, tariffs, inflation, 
production levels, access to credit, informal financing schemes, etc. 
Social: Refers to comments relating to demographics (age, gender, race, family size, etc.), lifestyle 
choices, consumer behaviour, population growth rates, education, trends, fads, diversity, 
immigration/emigration, living standards, housing trends, attitudes to work, leisure activities, 
occupations, earning capacity, generational shifts, social taboos, socio-cultural issues, ethnic and 
religious beliefs, etc.  
Technological: Refers to comments relating to relevant innovation, inventions, capacity, design, 
new discoveries, research, suppliers/dependencies, deployment, maintenance, energy 
uses/sources/fuels, power supply/sources/interruptions, water supply/sources/interruptions, access 
to new technologies, infrastructure changes affecting work patterns, communications, rates of 
obsolescence, operational advances, transportation, re-processing, etc.  
 The aim of the quantitative analysis was to gain insights from the information relating to the 
level of acceptance among key stakeholders, especially the AS miners, that could compromise the 
long-term viability of the technology projects. The codes of the participants used during thematic 
analysis were indicative of their stakeholder group (Table 1). 
Table 1: Participant coding 
Code Participant type 
T-00# Technical 
NG-00# National government 
 55 
LG-00# Local government 
S-00# Advocate group for social issues, national NGO’s 
SB-00# Advocate representative from Benguet 
SSA-00# Small-Scale miner from Agusan del Norte 
SSB-00# Small-Scale miner from Benguet 
SSC-00# Small-Scale miner from Compostela Valley 
 
 Pilot analysis was initially conducted for a representative sample of 20 interview transcripts 
which contained 5 samples from each of the four stakeholder groups. After a pilot of the risk 
categorisation criteria, a peer-review process was utilised to test the design of the risk analysis and 
refine individual risk category scope based on the data. Following the pilot analysis, the full-scale 
analysis of 78 interviews was carried out. The analysis steps performed using the Nvivo 11 
software, which has been described earlier in Figure 8, can be outlined sequentially as follows: 
1. Organisation of interview responses corresponding to each interview question. 
2. Uploading translated interview transcripts into Nvivo 11 software. 
3. Coding the transcripts using the categories based on PHEST.  
4. Risk perceptions were classified as to whether they were risks that were associated with ASM 
before the introduction of technology, after the introduction of technology, or independent of 
the introduction of technology.  
5. The effect of the risks on objectives whether positive or negative was determined. 
6. The classification of risk perceptions using the PHEST and before/after categorisations was 
completed by the author. This was then discussed with and checked by other researchers 
through a peer-review process to ensure the appropriateness and repeatability of the analysis. 
 The responses were coded and categorised according to underlying risk themes. The purpose 
was to pragmatically use the qualitative data to “illuminate quantitative data” (May 1999, p. 1108). 
The plan was to use the varied results of the two data analysis methods (semi-quantitative and 
qualitative) as a “forum for dialogue about differences” (Greene and Caracelli 2003, p. 98). 
Differences in risk perceptions are visually represented by spider plots. This mixed methods 
approach to analyse interview data was chosen to reflect the stakeholder perceptions mismatched 
from one group to another based on the different risks that are important to them. Importance was 
measured by two criteria, namely, frequency of mention and intensity reinforced by the participants 
during the interviews. The basic intention of the design was to demonstrate an evidence-based and 
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empirical approach. This is a validated approach “to engage the value-based differences that 
mattered in this contentious context” (Greene and Caracelli 2003, p. 98).  
 Hence, significant risk factors are determined by the number of frequency of mention and the 
gap between the before and after which is indicative that the emphasis on certain issues within that 
risk category have changed or impacted on by the technology implementation. In this way, the 
methodology does not only capture what people say a lot but also captures what areas they are not 
talking much about. The qualitative analysis using interview content from stakeholders will then 
aim to understand why the pattern of the quantitative data behaves as such. 
 Implementation studies typically employ mixed quantitative-qualitative methodology designs 
(Bauer et al. 2015). As the literature review in Chapter 2 reveal, the technology acceptance gap in 
implementing safer and mercury-free technologies in ASM has not been the concern of academic 
ASM researchers. ASM data has been sustained thus far by descriptive studies. Although these 
studies are important and complementary to the risk management process by reinforcing the 
context, long-term change in the unsafe methods of gold processing in ASM should be addressed. 
3.5 Key Lessons from the Fieldwork 
This section outlines the strengths and limitations that emerged when the research methodology was 
put into practice. This analysis can offer reflective insights in confirming whether the research goals 
were adequately achieved at this stage of the research study. Additionally, this analysis provides 
insights into whether it is possible to integrate health and safety risk management into mechanised 
ASM gold processing projects. 
3.5.1 Strengths of the Methodology 
The interview process predominantly used open-ended questions. Initial questions about risk were 
framed in a general way so that the participant could openly express which among the risks relating 
to ASM gold processing was most relevant to them. The open-ended questioning method 
encourages participants to raise diversely prolific data relating to the range of threats, opportunities 
and risks relevant to each stakeholder group. As Creswell (2003) stated on socially constructed 
knowledge claims, broadly designed questions allow participants to construct the meaning of a 
situation. Such meaning is a product of actual experiences and a series of interactions. Creswell 
argues that open-ended interviews are better as they can focus on specific contexts in which people 
live and work in order to understand the historical and cultural settings of the participants. 
 Employing open-ended questions also allowed the participants to express their expectations of 
the innovative gold processing plant project. Discussions regarding stakeholder expectations 
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revealed their experiences and perspectives regarding the interventions that attempted to affect 
change. This created an inclusive space especially for the AS miners in a manner that provided a 
sense of ownership. For instance, one miners’ association in Benguet attributed the reduction in 
mercury-use among its members to a synergy of local efforts and external collaboration. External 
support alone often only furthers the cause only to a certain extent. It was interesting to know that 
there have been many organisations and government projects that have visited these communities 
through the years with similar environmental objectives. Thus, two separate insights were derived—
either the environmental outcomes are still yet to be fully realised in the area, or there is simply 
unnecessary duplication of projects and strategies. 
 Video records facilitated in-depth analysis of health and safety hazards and risks among the 
ASM mining and processing sites visited. The video recordings also show examples of how risks to 
health and safety from the gold processing operations can be potentially increased if mechanisation 
is applied in the absence of complementary safety measures. It was observed and recorded on video 
that there was locally fabricated machinery which was operated to some locally determined 
standards. It was quite evident how the safety features were suppressed in some cases. With the lack 
of capital and appropriate technical know-how, the ASM miners and their families remain exposed 
to risks in such hazardous working conditions.  
 There were three sources of mechanised technology apparent in the ASM provinces captured 
in the participant observation. First was the application of local ingenuity in order to meet local 
conditions. The miners find a way amongst themselves and within their community to improve their 
practices. This is more culturally influenced and can remain within the bounds of traditional 
practices. This confirms the observations cited from literature (Priester et al. 1993; Hentschel et al. 
2002). Another source was the financier’s scheme which can be driven to improve efficiency in 
order to enhance profit. Financiers support the ASM through the provision of mechanised 
equipment under a shared profit scheme. This is a similar arrangement to that found with the small-
scale miners in Ghana, where foreign businessmen assist the miners technically and financially in 
the form of mine support services (Hilson & McQuilken 2014). Finally, there are external sources 
such as government projects and foreign investments which can be driven by both efficiency and 
risk reduction, especially when they are initiated by government institutions. 
 The interviews generated rich data. However, it was not always easy to gauge stakeholder 
perceptions of the significance and prioritisation of the issues and risks, which are important 
information for those needing to make informed decisions about the development of context-
specific technical solutions. It was beneficial to supplement the interview information with a survey 
instrument that collected participant perceptions on the significance and ranking of different types 
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of risks. To do this, a conjoint rating and categorisation instrument was created. The rating 
component comprised a six-point scale where 1 = lowest risk priority and/or slightly relevant to the 
participant stakeholder group and 6 = highest risk priority and/or highly relevant to the participant 
stakeholder group. The categorisation component allowed the participant to provide feedback for 
each of the different risks: health and safety, technical, social, environmental and regulatory. The 
use of two different methods—interview and survey—is beneficial because it can help to minimise 
limitations or biases which have been recognised in literature (Creswell 2003). For example, the 
results from one method can help develop or inform the other method (Greene et al. 1989). 
Alternatively, one method can be nested within another method to provide insight into different 
levels or units of analysis (Tashakkori and Teddlie 1998). 
3.5.2 Limitations of the Methodology 
The responses reveal an overlap associated with perceptions of the different risks (technical, social, 
environmental, health and safety, and regulatory). There seemed to be a lack of clear distinction of 
each type of risk. For example, with respect to health and safety risks and environmental risks, 
participants seem to use these terms interchangeably. Similar responses indicating this lack of 
distinction were obtained from among the ASM miners, the government, partners, and even some 
technical persons. Others use the word ‘safety’ even if they actually mean security issues arising 
from conflict. This mismatch of perceptions and expectations among stakeholder groups can 
introduce confounding findings within results. To overcome this limitation and because the research 
objectives are focused on health and safety, probing keywords were used, such as sickness, injuries 
and accidents, to delineate the blurred lines between health and safety and the other different types 
of risk. 
 Another limitation that was encountered was the finding that some of the government 
agencies and relevant stakeholder groups have limited knowledge about the project. Although this 
finding may be unexpected, it is fairly reasonable, given that the gold processing plant project was 
still in its pre-construction stage when the field work was conducted. The limited information at this 
stage of the project can be acknowledged as a barrier to collecting sufficient data to support claims 
regarding the project implementation. However, some respondents were conservative in giving 
information about the project. Stakeholders responded with reluctance and ambivalence in areas 
where they did not have complete knowledge. Indeed, the project was in design and construction 
stages which means that it is still in the early stages of implementation. However early, this stage 
should not be regarded as a premature time to discuss the appropriate framework to explore 
potential and perceived risks to successful implementation and sustainable operations.   
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Chapter 4 – Health and Safety Risk Assessment of Gold 
Processing Technology in Philippine ASM 
The International Standard for Risk – ISO 31000 provides the foundation for designing, 
implementing, monitoring, reviewing and continually improving risk management. In this chapter, 
RQ1 will be addressed using a systematic and deliberate health and safety risk assessment of the 
semi-mechanised methods currently used in ASM and of the conceptual design of the semi-
automated technology. The conceptual design of the semi-automated technology is centred on 
providing an alternative to mercury and cyanide based methods. This is in order to eliminate the 
adverse effects of mercury and cyanide to human health and the environment. The semi-automated 
technology has gained funding and moral support since its planning stages based on its promise of 
environmental benefits. However, little has been done thus far to investigate whether health and 
safety in ASM gold processing operations can be improved as a result of the technology being 
implemented.  
 This risk assessment will not only investigate the health and safety risks associated with the 
removal of mercury and cyanide on which the technology design is based. It will also investigate 
whether there are other health and safety risks that are reduced, improved or introduced through the 
implementation of the semi-automated technology. Noting that this risk reduction or improvement 
is evaluated according to information and data collected prior to the actual implementation of the 
technology as the technology had not been implemented during the fieldwork conducted for this 
research.  
 A risk assessment was firstly performed on the current semi-mechanised processes existing in 
ASM prior to the introduction of the semi-automated technology to provide baseline data. Specific 
health and safety risks from literature, interviews, field observations and video recordings are 
identified and analysed across each of the components of the process design. After which, a 
separate risk assessment is performed on the semi-automated technology. A typical semi-
mechanised gold processing flowsheet common in ASM operations is shown in Figure 11 from an 
operational perspective. The likelihood of incidents occurring in ASM operations would be useful 
data to inform about their health and safety risks. However, due to under reporting of these 
incidents in ASM (Veiga et al. 2004), the likelihood of the risks is not considered in the analysis. 
Rather, simply the consequences of the risks are used for analysis. This limitation of lacking 
reliable data has been recognised early in the research process. The focus on the consequences of 
risks is validated in the ISO Guide 73:2009, Note 3 stating “risk is often characterised in reference 
to potential events and consequences or a combination of these.” Cross (2012) further asserts this 
validation in the OHS Body of Knowledge, developed for the Safety Institute Australia, as follows:  
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“The most important part of managing [health and safety] risks in the workplace is not to 
measure it qualitatively or quantitatively but to understand the nature of risks, their causes and 
consequences, and to use this information to control risks.” (p. Abstract) 
 Therefore, the consequences of the hazards are outlined in this section. The flowsheet for 
ASM semi-mechanised gold processing is examined from a risk assessment perspective.  
 Figure 11 shows the six general metallurgical processes in sequenced blocks in the first 
column. The block sequence groups the processes, equipment, input/output, product and reagent 
added according to similarity in character (Wills 2006). The block processes were chosen to best 
represent respectively the ASM semi-mechanised and the semi-automated gold processing methods 
in this study. In this case, ore handling deals with all processes in ore transport, ore storage and ore 
feeding. Figure 11 then discriminates the processes which the ASM semi-mechanised flowsheet 
includes but the semi-automated technology does not have. The respective flowsheets of the ASM 
semi-mechanised and the semi-automated gold processing are shown to compare the similarities 
and differences between the two systems of gold processing from an operational perspective.  
 The risk assessment technique used in this chapter is adapted from the basic principles of 
Workplace Risk Assessment and Control (WRAC) and preliminary hazard analysis. WRAC is a 
qualitative risk assessment technique to proactively examine the whole workplace system and its 
parts to ensure that risks are understood and controlled to a reasonable level (NSW Mine Safety 
Operations 2009). Meanwhile, preliminary hazard analysis is a as a valid technique for evaluating 
conceptual designs. Therefore, it is relevant to this study and complementary to the WRAC process 
advocated in formal mineral processing industries (CCPS 2001). Most common screening 
techniques in process risk assessments involve quantifying the consequence with and without 
different protection barriers (with their inherent failure rates) in order to select plant and protection 
configurations that meet as low as reasonably practicable (ALARP) requirements.      
 Building on the CCPS (Centre for Chemical Process Safety) Guidelines, principles were 
adapted to formulate appropriate procedure for the formal risk assessment process of this study. 
Similarly, using a robust and rational approach, weaknesses and strengths in the safety systems 
while doing the risk assessment can be discovered. Hence, a preliminary hazard analysis is used in 
this study to identify the scenarios that present the most significant risk and determine if the 
consequences could be reduced by the application of inherently safer design principles. 
 A concept series book for CCPS and the American Institute of Chemical Engineers (AIChE) 
provided rules in conducting a basic hazard analysis (CCPS 2001). This approach demonstrated a 
thorough and systematic procedure using consequences, causes, initiating events and controls. Steps 
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in a preliminary hazard analysis and WRAC were applied as deemed appropriate for the ASM 
context that includes under reporting of frequency data.  
 In this chapter, health and safety risks are systematically assessed and evaluated by breaking 
down the gold processing methods and technology into process steps and sub-steps. Table 3 and 
Table 4 demonstrate the risk assessment performed for semi-mechanised methods in ASM and the 
semi-automated technology introduced, respectively. Each sub-step involved: Step 1 – identifying 
and analysing the hazards. Step 2 – identifying the causes and contributing factors or initiating 
events. In Step 2, information sources include the data from field site observations, videos, photos 
and face-to-face interviews conducted by the researcher, who has background knowledge of 
engineering principles in the processes which assisted in understanding the technical details.  
 Step 3 – determining the health and safety consequence/s. CCPS (2001) suggested four 
methods to estimate consequence and severity. Among the four methods, qualitative estimate with 
human harm is found to be best suited. For each cause-consequence pair, human consequences are 
estimated directly using past experience, previously generated look-up tables, or knowledge of prior 
detailed consequence modelling. The advantages of this method include simplicity of 
understanding, direct comparison between the two technologies being compared and direct 
comparison to the risk tolerance criterion (see Tables 3 and 4). Consequence reported in terms of 
human harm is better understood by most people compared to risk expressed in terms of other 
parameters in process safety such as release size (CCPS 2001). 
 Step 4 – identify and analyse the controls. Step 5 – evaluating the risks and estimating the 
severity. These first five steps are demonstrated in Table 3 and Table 4.  
 The analysis findings from the tables are then used in the subsequent comparative analysis 
between the two gold processing systems of operation. Step 6 – compare and analyse the two gold 
processing systems together using the cause-consequence-control table. Last, Step 7 – evaluates the 
health and safety outcomes introduced by the implementation of the semi-automated technology 
which includes the identification of new risks. Finally, a comparative analysis of the two gold 
processing systems is conducted to evaluate whether health and safety is improved by the 
implementation of the new technology. 
 There are two systems of gold processing under investigation in this risk assessment. The first 
is the semi-mechanised methods which comprise the current practice in ASM. The second is the 
semi-automated technology which will be introduced in the ASM provinces as an alternative to the 
current practices. Health and safety risks in each of the gold processing systems will be assessed 
systematically and deliberately.  
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4.1 Step 1 – Establish the Context 
4.1.1 Purpose 
• To investigate the hazards and risks of the semi-mechanised technology currently used by AS 
miners in the three project locations in the Philippines, namely Benguet, Agusan del Norte 
and Compostela Valley.  
• To investigate the hazards and risks of the semi-automated technology introduced to AS 
miners in the three project locations in the Philippines, namely Benguet, Agusan del Norte 
and Compostela Valley.  
4.1.2 Scope 
The risk assessment firstly focuses on the current gold processing operations in ASM 
(Figure 11(a)). These operations are examined according to the sequence of the six general 
metallurgical processes namely, ore handling, crushing, grinding, separation, production, and de-
watering. The first and last blocks of the sequence namely, ore excavation and tailings disposal, are 
not included in the scope of this risk assessment. Ore excavation involves the mining aspects, in this 
case underground mining, which have a separate set of hazards and risks. Tailings disposal is a 
broad area for investigation that requires field experts. 
 In addition, as the introduction of the new technology will not directly affect the mining 
process or the tailings disposal methods there would not be expected to be any changes in OHS 
risks that they contribute. 
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Semi-mechanised methods  (a) Semi-automated technology  (b) 
 
Figure 11: Gold processing flowsheets of ASM (a) semi-mechanised and (b) semi-automated technology. 
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 A separate risk assessment focuses on the new gold processing technology to be introduced in 
ASM. The implementation of the semi-automated technology had not started during the fieldwork 
visits for this research hence; the risk assessment is based on its conceptual design. The technology 
is examined according to the sequence of the six general metallurgical processes namely, ore 
handling, crushing, grinding, separation, production, and de-watering as shown in Figure 11(b). The 
first and last blocks of the sequence namely, ore excavation and tailings disposal, are not included 
in the scope of this risk assessment for the reasons outlined in Section 4.1.2. This follows similarly 
the scope of the risk assessment for the semi-mechanised methods currently used by ASM. The 
investigation will focus on the health and safety implications under normal operation and will not 
dwell on inspection or maintenance guidelines.  
4.1.3 Objectives 
• To identify the hazards in each of the six general metallurgical processes through their 
respective sub-step/s. 
• To analyse the causes or contributing factors that can lead to unwanted health and safety 
consequences. 
• To identify the existing controls in place and the type of the control based on the widely 
accepted concept of hierarchy of control.  
• To evaluate the potential consequence of the identified controls based on the risk rating scale 
provided in Table 5. 
• To identify the hazards in each of the six general metallurgical processes through their 
respective sub-step/s. 
• To analyse the causes or contributing factors that can lead to unwanted health and safety 
consequences. 
• To identify the existing controls in place and the type of the control based on the widely 
accepted concept of hierarchy of control.  
• To evaluate the potential consequence of the identified controls based on the risk rating scale 
provided in Table 5. 
4.1.4 Assumptions 
The process flowsheet used in this risk assessment is typical for ASM in the Philippines based on 
the information gathered from actual field visits in the provinces of Benguet, Agusan del Norte and 
Compostela Valley. In addition, the researcher’s primary background and personal experience in the 
ASM community further substantiates the assumptions made in this risk assessment.  
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 The semi-automated technology operates according to its intended design specifications. The 
technology operates in a controlled environment. One of the main differences between the ASM 
and the new plant technology in terms of assessing the risks is that the new technology is assumed 
to function in a controlled environment. The implementation of the semi-automated technology will 
move ASM towards a more controlled environment to some extent. But even in such environment, 
hazards still occur that should be assessed. Although the technology providers have the best 
intentions of producing environmental outcomes and complying with environmental standards, 
health and safety risks must still be properly assessed and evaluated. 
4.2 Step 2 – Identify and Analyse the Hazards 
4.2.1 Hazard Identification: Semi-mechanised Methods 
 The main hazards in ASM semi-mechanised methods are identified as follows: 
• Manual hauling 
• Manual tasks 
• Semi-mechanised equipment 
• Mercury exposure and use 
• Cyanide exposure and handling 
 Manual hauling characterises most activities in ASM especially during ore handling. This is 
the laborious means of ore transport from underground workings to tunnel portals to gold 
processing mill. The risks in manual hauling include strain during lifting, back injuries due to heavy 
load, back injuries due to some miners not using their improvised back aid, accidents caused by 
hurrying workers, miners having awkward positions during loading and unloading due to lack of 
appropriate dock facilities, risk from weather conditions because the path of travel is not protected, 
accidents caused by dangerous path of travel that includes stairs, steep and rocky inclines, slippery 
and narrow access ways, and accidents due to poor visibility/lighting during travel (Figure 12). 
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Figure 12: Manual hauling 
 
 Other manual tasks occur after manual hauling such as in ore storage. Manual stacking and 
piling up of sacks cause miners to have awkward positions during climbing and can also cause them 
to fall. In some instances, poor housekeeping in their storage areas create other risks. In addition, a 
lack of proper ore storage in ASM can cause miners to trip and fall as the path of travel is not free 
from obstruction (Figure 13). 
 
Figure 13: Ore storage 
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 Another manual task is ore feeding (Figure 14). This requires the miner, who also often works 
as the feeding operator, to mix and pour the ore using bare hands into the tumbling mill. The risks 
to uncovered and unprotected hands increase due to the lack of protective gloves. Miners reported 
in the interview that their hands often get caught up between the grinding media, which for a 2-inch 
diameter rod, can weigh 10.68 lbs. per linear foot. They also experience difficulty cleaning their 
hands and fingernails which turn black after direct contact with the ore and powderised metal from 
abrasion. Moreover, the task does not allow any degree of safe distance or separation between the 
feeding operator and the tumbling mill. The machine requires the closing cover to be manually 
placed and secured in the ball mill opening, noting the cover should remain closed and tight enough 
to prevent leaking. This manual requirement raises the likelihood of pinching fingers as the operator 
attempts to secure contents of the ball mill and mill cover. Plus, operators are too near the moving 
parts (e.g. flywheel, pump belt drive) which increase the risk of cut fingers and limbs. Miners 
reported in interview that this is the primary cause of cut fingers and limbs and even in some cases 
death. Complacency during these routine tasks also increases the risks. 
 
 
Figure 14: Ore feeding 
 
 During washing of the ore, the workplace can get slippery which increases risks of slips and 
falls (Figure 15 and Figure 16). 
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Figure 15: Ore washing 
 
 
Figure 16: Wet workplace conditions 
 
 Manual tasks in ASM also include the use of sledge hammers to crush the ore as shown in 
Figure 17. This type of manual task causes strained back and wrist, and body pain due to awkward 
positions. 
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Figure 17: Ore crushing 
 
 Majority of ASM sites use semi-mechanised equipment such as tumbling mills with either 
steel rods or balls, or sized ore as the grinding media, to break the ore and reduce its particle size 
(Figure 18). This equipment for grinding the ore is either fabricated locally or imported from 
overseas. The lack of guidance or training that should come with purchasing the equipment 
increases the risk of injuries. There are recorded instances where the operator got caught in belts 
due to the absence of guards on belts (Figure 19). Figure 20 shows how the wheel is exposed during 
normal operation which presents entanglement and “drawing in” hazards. According to the 
interviews, the unguarded moving parts of the machines, especially the unguarded pump belt drive, 
are the common causes of cut limbs and even death in the workplace where the miners can get very 
complacent amidst moving parts. Complacency in using the mechanised equipment increases the 
risk to injuries due to little or no regard on its prescribed safe operation. The machines are usually 
fabricated or imported from cheap suppliers. Figure 20 also shows that there is often only one 
power switch for all series of tumbling mills. Therefore, the mill operator has to remove the rubber 
straps from the units which he needs to unload after any given grinding time. In addition, grinding 
is usually performed “wet” to provide a slurry feed to the concentration process which increases the 
risk to accidents including slips and falls (Figure 21). 
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Figure 18: Closeness of operators to the equipment during normal operation 
 
Figure 19: Series of tumbling mill units with exposed rubber straps 
 
Figure 20: Tumbling mill with exposed moving parts 
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Figure 21: Separation process step currently performed in ASM 
 
 Cyanide leaching has been esteemed for its efficiency and good recovery performance in 
extracting gold from its ore. Understanding this process can assist with investigating the health and 
safety risks associated with cyanide exposure and handling. Generally, in the small-scale processes 
of ASM communities in Diwalwal and Compostela Valley, Philippines, the cyanide leaching 
process consists of agitation leaching of gold ores with a dilute cyanide solution, usually less than 
0.3 per cent sodium cyanide. This method can process the slurry produced by amalgamation or the 
milled ore coming from the rod and ball mills directly. Here, the addition of lime to a cyanide pulp 
is considered a universal practice to prevent hydrolysis and to neutralise any acidic constituents 
present in the ore. Commonly, a pH of 10 to 11 is maintained and sodium hydroxide or sodium 
carbonate may be substituted for lime. After 48 hours, activated carbon is added to the tank to 
recover the values. The loaded carbon is then harvested through aeration using an air compressor 
while the remaining pulp becomes mining waste and is disposed of into tailing ponds. Cost-
effective processes of retrieving the gold from the loaded carbon then follows in which the small-
scale miners choose the method that can get the most profit. Among Diwalwal miners for instance, 
wet ashing proceeds after cyanidation. In wet ashing, the carbon already separated from the pulp is 
burned in an improvised ashing column consisting of a metallic drum with a narrowing bottom 
connected to a pipe which has an air blower at its other end. Here, manual ignition using charcoal is 
employed. 
 As it appears, ASM operators adapt to processes used to treat both low and high grade ores 
with extreme regard for practical and economic considerations that lead them to technological 
improvisations that are less likely to be found in modern industries today. For this reason, the 
adsorption of gold on activated carbon from pregnant solutions has found acceptance in the small-
scale industry in the last decade. 
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 Details of the systematic hazard identification and evaluation performed for the semi-
mechanised operations are shown in Table 3. In the next section, the hazard identification in the 
semi-automated technology is discussed. 
4.2.2 Hazard Identification: Semi-automated Technology 
 The main hazard areas in the semi-automated technology are identified as follows: 
• handling of larger ore volumes 
• equipment operation (i.e. operator training requirements) 
• falling from heights 
 
 This new technology effectively eliminated or, where that is not reasonably practicable, 
reduced the risks by employing reliable controls to reduce risks inherent to gold processing. The 
incoming technology has enhanced control systems through automation. The term automation is 
defined by the Oxford English Dictionary (1989) as: 
1. Automatic control of the manufacture of a product through a number of successive stages. 
2. The application of automatic control to any branch of industry or science. 
3. The use of electronic or mechanical devices to replace human labour. 
 
 This allows humans to set modes by which the automation will display information in 
particular formats or will allow acceptance of specialised requests (Sheridan 2015). In this new gold 
processing technology, the human interaction with automation includes pushing buttons or switches 
and adjusting knobs or joysticks (Figures 23). Although safety risk from live electrical conductors 
are eliminated through standardised measures, electrocution remains a hazard due to electrical 
wirings (Figure 22). Interactions with the technology also include actively seeing and hearing real-
time information from the displays and making decisions about how to respond (Sheridan 2015). 
For this reason, it is better suited to describe the new technology as ‘semi-automated.’ To 
differentiate, semi-automated have more enhanced control systems than semi-mechanised. 
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Figure 22: Local Control Panel 3 
 
 
Figure 23: Gold recovery process control automated system 
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 The effectiveness of the controls in the semi-automated technology must be accompanied by 
operator training and equipment maintenance otherwise, new risks are introduced. There are six 
new risks identified in the semi-automated technology as shown in Table 6. The new risks include, 
increased respiratory problems (1J) before the crushing process step (i.e. ore stockpile in-waiting 
that dried out) due to increase in amount of ore feed required. The amount of ore is large, 10-15 
tonnes per day and the operation is 24 hours straight. The new technology requires a continuous-
type feeding process whereas the existing ASM methods operate on batch-type feeding. Ore 
handling in large amount/stockpile can be equivalent to increased dust production. This is a new 
risk that comes with the centralised set-up of the plant. Less people are required to work in the 
semi-automated technology which means less people are exposed to the occupational health and 
safety risks. However, despite the reduced number of people exposed, the exposure can be at a 
higher rate because of increased volume. But overall, risk is reduced in the ore handling process 
step provided that the operators are trained for the task. 
 The incoming new equipment to be employed in the semi-automated plant can introduce other 
new risks. Some equipment, such as the jaw crusher, will have moving parts that introduce 
entanglement hazards. Although the new equipment may have inherent safety design to protect the 
miners and operators in normal operation, which is why the consequence is no injury (2I), yet there 
can be activities outside of normal operation such as unplanned inspection or maintenance that can 
expose the moving parts. This type of equipment-related risk constitutes the other three new risks in 
the other process steps of separation (4L and 4M) and de-watering (5B). The equipment introduced 
in the semi-automated technology that would replace human labour involves systems that require 
proper training to operate. 
 Finally, another new risk is fall injury relating to elevated structures (4K). The process of the 
semi-automated technology will strategically maximise and take advantage of gravity in assisting 
the overflow/underflow of the slurry, which is the combination of solid ore and water. To facilitate 
this gravity-induced movement of slurry, some equipment, especially in the separation process, 
need to be situated in an elevated structure. Hence, potential for fall injury is introduced. Arguably, 
these new risks fall under first-aid/medical treatment level or no injury, which is essentially a low 
consequence-type. In addition, effective controls can eliminate or reduce the likelihood of the 
introduced risks from causing harm as further discussed in Step 4. 
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4.3 Step 3 – Identify the Causes and Contributing Factors or Initiating 
Events 
Initiating events are grouped into three general types: external events, equipment-related and 
human-related, also called inappropriate actions (CCPS 2001). This analysis step using the initiating 
event provides precise estimation of the frequency as it shows the likelihood of the consequence to 
occur. Differences in prevailing initiating events between the semi-mechanised and semi-automated 
technology can be drawn for comparison as shown in Table 2. Clearly, there are no longer any 
chemical-related initiating events in the semi-automated technology. Chemical-related means, for 
the purposes of this risk assessment, includes mercury and cyanide only as their health and safety 
problems have been established in this study earlier in Chapter 2. In addition, all of the remaining 
consequences in the semi-automated technology fall under the first-aid/medical treatment category 
and are human-related. 
 
Table 2: Comparison of initiating events between the semi-mechanised methods and 
semi-automated technology in ASM 
 
Type of Initiating 
event
Semi-mechanised methods Semi-automated technology
Human-related
• Inappropriate ore bag stacking at low levels
• No control over height bags are stacked to
• Awkward access/jumping down from the stacks
• Operator use bare hands to feed ore into mill 
• Skin contact with roughness of ore/rocks
• Fatigue
• Inexperience
• Inhalation of dust by miners
• Contact with exposed electrical conductor due to 
working too close the equipment
• Closeness of operators to equipment
• Inhalation of dust
• Wearing of loose items (such as clothing, gloves, 
jewellery, long hair, cleaning rags) come in contact 
with the rotating surface of the ball mill (such as the 
main shell and the couplings)
• Awkward positions while working
Equipment-related
• Manual lifting of 80kg bags
• Maintaining awkward positions
• No loading dock facilities
• Water used in process make slippery surfaces
• Closeness of operators to crushing activity
• Maintaining awkward positions for long periods
• Uncontrolled production of dust by many/random 
human crushers
• No machine guards
• Closeness of operators
• Complacency of operators
• Old or poorly maintained equipment
• Modification of equipment eg setting mills up in 
series and unloading of individual mills non-
simultaneously
• Use of excessive water during grinding process from 
external sources (e.g. water hoses)
• Immersion of extremeties in water for long periods
• Lack of isolation procedures 
• Contact with the loads of ore in motion
• Flying chips of rock
• Being caught in the gaps of the rotating impeller 
• trapping of the body parts between the the 2 
crushing plates or between the rocks
• Uncontrolled production of dust
• pipe leaks
• A part of the body can be drawn into a nip-point in 
tank cells that involves belt and pulley have a rotating 
surface and tangentially moving surface
• Contact with exposed electrical conductor due to 
working too close the equipment  
External event
• Steep and slippery paths
• Weather conditions
• Poor housekeeping
• Poor lighting
• Narrow access ways
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4.4 Step 4 – Analyse the Health and Safety Consequence/s 
In using a preliminary hazard analysis, the analysis is applied to one scenario at a time (CCPS 
2001). The causes and health and safety consequences are shown in Table 3. The range of 
consequences includes specific operational hazards, no injury/illness, hazards reduced and hazards 
eliminated. No injury implies that the hazards remain in the specific scenario but are controlled 
effectively by the protection measures in place. The hazards in this type of scenario are inherent to 
gold processing and cannot be altered in any way. Meanwhile, ‘hazards reduced’ imply that the 
source of the hazard can be altered for safer operation which makes the likelihood of causing harm 
is decreased. Finally, hazards eliminated imply that the source of the hazard is removed which 
makes the likelihood of harm as zero. 
4.5 Step 5 – Determine the Likelihood in Terms of the Risk Exposure in 
the Process Sub-step under Normal Operations 
Table 3 presents the findings from the risk analysis of the semi-mechanised methods currently used 
in ASM sites and Table 4 presents the risk analysis of the semi-automated technology introduced in 
ASM sites. 
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Table 3: Risk Analysis of the semi-mechanised methods currently used in ASM sites 
Process Step Hazard ID Risk Analysis 
 Sub-Step Hazard Causes or Contributing 
Factors 
Health and Safety 
consequence 
Consequence 
Level 
Likelihood Health and Safety 
Risk Level 
Ore Handling Ore Transport - 
loading and 
unloading 
Manual tasks Manual lifting of 80kg bags 
Maintaining awkward 
positions 
No loading dock facilities 
Injuries to back Long term 
disabling injury 
Likely High 
  Ore transport - 
carrying 
Uneven ground/ 
slippery ground 
Steep and slippery paths 
Weather conditions 
Poor housekeeping 
Poor lighting 
Narrow access ways 
Injuries to back 
Slips and falls 
Long term 
disabling injury 
Likely High 
  Ore storage Obstruction to 
movement 
Inappropriate ore bag 
stacking at low levels  
Trips and falls First-aid/medical 
treatment 
Possible  Low 
    Ore bags falling 
onto workers 
No control over height bags 
are stacked to  
Crush injury Long term 
disabling injury 
Possible  High 
    Workers falling 
off bag stacks  
No control over height bags 
are stacked to; awkward 
access/jumping down from 
the stacks  
Fall injury Moderate health 
and safety 
problems 
Possible  Medium 
  Ore feeding into 
mill 
Drawing or 
trapping in 
hazards(i.e., 
entrapment in 
hatch and bolts) 
Operator use bare hands to 
feed ore into mill 
Water used in process make 
slippery surfaces 
Hand and finger 
injuries 
First-aid/medical 
treatment 
Almost certain  High 
    Friction and 
abrasion hazards 
Operator use bare hands to 
feed ore into mill  
Skin contact with roughness 
of ore/rocks 
Abrasions and 
scratches 
First-aid/medical 
treatment 
Likely  Medium 
Crushing Crushing by 
sledge hammer 
Cutting hazards 
(Fly rock) 
Closeness of operators to 
crushing activity 
Eye injury 
Facial cuts and 
scratches 
First-aid/medical 
treatment 
Likely  Medium 
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Process Step Hazard ID Risk Analysis 
 Sub-Step Hazard Causes or Contributing 
Factors 
Health and Safety 
consequence 
Consequence 
Level 
Likelihood Health and Safety 
Risk Level 
    Manual tasks Maintaining awkward 
positions for long periods 
Back injuries Long term 
disabling injury 
Likely High 
    Crushing of 
fingers 
Fatigue 
Inexperience 
Hand and finger 
injuries 
Long term 
disabling injury 
Possible High 
    Dust Uncontrolled production of 
dust by many/random human 
crushers  
Respiratory 
problems 
Long term 
disabling illness 
Possible High 
      Inhalation of dust by miners Respiratory 
problems 
Long term 
disabling illness 
Possible High 
Grinding Tumbling mill Entanglement of 
person's hair, 
clothing or 
cleaning rag with 
moving parts of 
the mill 
No machine guards 
Closeness of operators 
Complacency of operators 
Old or poorly maintained 
equipment 
Modification of equipment 
e.g. setting mills up in series 
and unloading of individual 
mills non-simultaneously  
Arm, hand or finger 
injuries 
Fatality 
Fatality Likely Extreme 
    Slippery ground Use of excessive water 
during grinding process from 
external sources (e.g. water 
hoses) 
Slips and falls First-aid/medical 
treatment 
Possible Low 
  Re-grinding Mercury (Hg) Hg added to assist in 
separation of gold from ore 
Hg exposure Long term 
disabling illness 
Likely High 
Separation Sluicing Manual tasks Maintaining awkward 
positions standing for long 
periods 
Back injuries Long term 
disabling illness 
Likely High 
    Exposure to cold Immersion of extremities in 
water for long periods 
High level of 
discomfort 
Moderate health 
and safety 
problems 
Possible Medium 
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Process Step Hazard ID Risk Analysis 
 Sub-Step Hazard Causes or Contributing 
Factors 
Health and Safety 
consequence 
Consequence 
Level 
Likelihood Health and Safety 
Risk Level 
    Sun exposure Sluicing in outdoors with 
water supply 
Sun and heat 
exposure 
First-aid/medical 
treatment 
Likely Medium 
  Panning Manual tasks Maintaining awkward 
positions standing for long 
periods 
Back injuries Long term 
disabling illness 
Possible High 
    Exposure to cold Immersion of extremities in 
water for long periods 
High level of 
discomfort 
Moderate health 
and safety 
problems 
Likely High 
    Mercury Hg added to assist in 
separation of gold from ore 
Hg exposure Long term 
disabling illness 
Likely High 
  Squeezing  Mercury Hand squeezing of excess Hg 
out of amalgam leading to 
direct skin contact with Hg 
Hg exposure - skin 
absorption 
Long term 
disabling illness 
Likely High 
  Blowtorch 
melting 
Mercury Amalgam is heated and Hg 
vapourised 
Hg exposure - 
inhalation 
Long term 
disabling illness 
Likely High 
    Heat Inexperience Burns First-aid/medical 
treatment 
Possible Low 
  Cyanide leaching Cyanide Open tanks of cyanide 
solution. Solution mixed in 
open air 
Cyanide exposure - 
inhalation and skin 
contact 
First-aid/medical 
treatment 
Almost certain High 
De-watering   Mercury Presence of Hg mixed in 
water and ore 
Hg accumulation in 
the workplace 
Long term 
disabling illness 
Likely High 
Electrical   Live electrical 
conductors 
Contact with exposed 
electrical conductor due to 
working too close the 
equipment 
Lack of isolation procedures 
Injury by electrical 
shock or burnt 
Fatality Possible Extreme 
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Table 4: Risk Analysis of the semi-automated technology introduced in ASM sites 
Process Step Hazard ID Risk Analysis 
 Sub-Step Hazard Causes or Contributing 
Factors 
Health and Safety 
Consequence 
Consequence 
Level 
Likelihood Health and 
Safety Risk 
Level 
Ore Handling Feeding Drawing in or 
trapping hazards 
Closeness of operators to 
equipment 
Injuries from 
equipment 
Long term 
disabling illness 
Rare Medium 
    Friction and 
abrasion hazards 
Contact with the loads of ore in 
motion  
Friction burns First-aid/medical 
treatment 
Unlikely Low 
    Dust Inhalation of dust Respiratory problems Long term 
disabling illness 
Likely High 
Crushing Jaw Crusher Cutting hazards 
(Flyrock) 
Flying chips of rock Cuts and scratches at 
the head, particularly 
in the areas of the 
eyes or face. 
First-aid/medical 
treatment 
Unlikely Low 
    Entanglement 
hazards (flywheel) 
Being caught in the gaps of the 
flywheel 
Injuries from 
equipment 
Moderate health 
and safety 
problems 
Unlikely Low 
    Crushing hazards Trapping of the body parts 
between the two crushing 
plates or between the rocks 
Bruises and injuries Moderate health 
and safety 
problems 
Unlikely Low 
    Dust Inhalation of dust Respiratory problems Long term 
disabling illness 
Likely High 
      Uncontrolled production of 
dust  
Respiratory problems Long term 
disabling illness 
Possible High 
Grinding Tumbling mill Drawing in or 
trapping hazards 
A part of the body can be 
drawn into a nip-point in tank 
cells that involves belt and 
pulley, have a rotating surface 
and tangentially moving 
surface  
Arm, hand or finger 
injuries 
Fatality 
Long term 
disabling illness 
Unlikely Medium 
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Process Step Hazard ID Risk Analysis 
 Sub-Step Hazard Causes or Contributing 
Factors 
Health and Safety 
Consequence 
Consequence 
Level 
Likelihood Health and 
Safety Risk 
Level 
    Entanglement 
hazards 
Wearing of loose items (such as 
clothing, gloves, jewellery, 
long hair, cleaning rags) come 
in contact with the rotating 
surface of the ball mill (such as 
the main shell and the 
couplings)  
Arm, hand or finger 
injuries 
Fatality 
Long term 
disabling illness 
Unlikely Medium 
    Water spills Pipe leaks Slips and falls First-aid/medical 
treatment 
Possible Low 
Separation Gold recovery 
process 
Workers working 
from heights 
Awkward positions while 
working 
Fall injury Moderate health 
and safety 
problems 
Possible Medium 
    Entanglement 
hazards 
Wearing of loose items (such as 
clothing, gloves, jewellery, 
long hair, cleaning rags) come 
in contact with the rotating 
surface of the tank impellers 
Arm, hand or finger 
injuries 
Moderate health 
and safety 
problems 
Possible Medium 
    Drawing in or 
trapping hazards 
A part of the body can be 
drawn into a nip-point in tank 
cells that involves belt and 
pulley, have a rotating surface 
and tangentially moving 
surface  
Cut fingers  Long term 
disabling illness 
Unlikely Medium 
De-watering Thickener tanks 
(low-speed) 
Entanglement 
hazards 
Being caught in the gaps of a 
low-speed rotating impeller 
Minor injuries First-aid/medical 
treatment 
Rare Low 
Electrical   Live electrical 
conductors 
Contact with exposed electrical 
conductor due to working too 
close the equipment 
Injury by electrical 
shock or burnt 
Moderate health 
and safety 
problems 
Unlikely Low 
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4.6 Step 6 – Evaluate the Risk Level and Estimate the Severity 
The risk matrix shown in Table 5 is tailored according to the ASM context. It promotes inherently 
safe than procedurally safe. It assists in ranking inherent risks and focuses on the serious risks. In 
the absence of historical records, the matrix was constructed based on the experiences of the miners 
gathered from the interview data (SA/SNZ HB 89:2013). Risks are evaluated according to the 
number of “reds”. This can be used later to compare between the new technology and the old 
methods. It can be used as guide to estimate the severity as well. 
Table 5: Risk matrix for ASM gold processing operations 
 
 The resulting risk of an injury or fatality can be evaluated and compared directly between the 
semi-mechanised and semi-automated technology based on a risk tolerance criterion. This criterion 
can be explicit or implicit (CCPS 2001). In this risk assessment, colours are used to set the risk 
tolerance criterion to which the individual process steps are compared between the semi-
mechanised and semi-automated technology. Red indicates the lowest tolerance for the consequence 
which in this case is fatality. Green indicates tolerable risk. The criterion is dependent on the 
context of the people involved of what level of risk is considered acceptable. For instance, it is 
typical that first-aid injury rates are generally accepted even at a higher frequency than long-term 
disabling injuries. It is therefore a sliding categorical scale as shown in Table 5. 
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4.7 Step 7 – Identify and Compare Controls between the Two Gold 
Processing Systems using the Cause-Consequence-Control Table 
Table 6 presents the findings from the comparative analysis of the semi-mechanised methods and 
semi-automated technology in ASM. 
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Table 6: Cause-consequence table for comparative analysis of semi-mechanised methods and semi-automated technology in ASM 
Scenarios in Semi-mechanised methods Scenarios in Semi-automated technology 
 Causes Health and Safety Risk 
Rating 
Health and Safety Risk 
Rating 
Causes   
1. Ore 
Handling 
Manual lifting of 80kg bags 
Maintaining awkward positions 
No loading dock facilities 
1A. Injuries to back Hazards reduced   1. Ore 
Handling 
Steep and slippery paths 
Weather conditions 
Poor housekeeping 
Poor lighting 
Narrow access ways 
1B. Injuries to back 
Slips and falls 
Hazards reduced   
Inappropriate ore bag stacking at low 
levels  
1C. Trips and falls Hazards reduced   
No control over height bags are 
stacked to  
1D. Crush injury Hazards reduced   
No control over height bags are 
stacked to; awkward access/jumping 
down from the stacks  
1E. Fall injury Hazards reduced   
Operator use bare hands to feed ore 
into mill 
Water used in process make slippery 
surfaces 
1F. Hand and finger 
injuries 
1H. Hand and finger injuries Closeness of operators to equipment 
Operator use bare hands to feed ore 
into mill  
Skin contact with roughness of 
ore/rocks 
1G. Abrasions and 
scratches 
1I. No injury   
    1J. Respiratory problems Inhalation of dust 
2. Crushing Closeness of operators to crushing 
activity 
2A. Eye injury 
Facial cuts and scratches 
2E. Cuts and scratches at the 
head, particularly in the areas 
of the eyes or face 
Closeness of operators to crushing 
activity 
2. Crushing 
Maintaining awkward positions for 
long periods 
2B. Back injuries    
Fatigue 
Inexperience 
2C. Hand and finger 
injuries 
2F. No injury   
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Scenarios in Semi-mechanised methods Scenarios in Semi-automated technology 
 Causes Health and Safety Risk 
Rating 
Health and Safety Risk 
Rating 
Causes   
Inhalation of dust 2D. Respiratory problems 2G. Respiratory problems Inhalation of dust 
2H. No illness Inhalation of dust 
    2I. No injury Being caught in the gaps of the 
flywheel 
3. Grinding No machine guards 
Closeness of operators 
Complacency of operators 
Old or poorly maintained equipment 
Modification of equipment eg setting 
mills up in series and unloading of 
individual mills non-simultaneously  
3A. Arm, hand or finger 
injuries 
Fatality 
3D. No injury   3. Grinding 
3E. Arm, hand or finger 
injuries 
Wearing of loose items (such as 
clothing, gloves, jewellery, long hair, 
cleaning rags) come in contact with 
the rotating surface of the ball mill 
(such as the main shell and the 
couplings)  
Use of excessive water during grinding 
process from external sources (e.g. 
water hoses) 
3B. Slips and falls 3F. No injury   
Mercury (Hg) added to assist in 
separation of gold from ore 
3C. Hg exposure Hazards eliminated   
4. Separation Maintaining awkward positions 
standing for long periods 
4A. Back injuries Hazards reduced   4. Separation 
Immersion of extremities in water for 
long periods 
4B. High level of 
discomfort 
Hazards reduced   
Sluicing in outdoors with water supply 4C. Sun and heat exposure Hazards reduced   
Maintaining awkward positions 
standing for long periods 
4D. Back injuries Hazards reduced  
Immersion of extremities in water for 
long periods 
4E. High level of 
discomfort 
Hazards reduced   
Hg added to assist in separation of 
gold from ore 
4F. Hg exposure Hazards eliminated   
Hand squeezing of excess Hg out of 
amalgam leading to direct skin contact 
with Hg 
4G. Hg exposure - skin 
absorption 
Hazards eliminated   
Amalgam is heated and Hg vapourised 4H. Hg exposure - 
inhalation 
Hazards eliminated   
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Scenarios in Semi-mechanised methods Scenarios in Semi-automated technology 
 Causes Health and Safety Risk 
Rating 
Health and Safety Risk 
Rating 
Causes   
Inexperience 4I. Burns Hazards reduced   
Open tanks of cyanide solution. 
Solution mixed in open air 
4J. Cyanide exposure - 
inhalation and skin contact 
Hazards eliminated   
    4K. Fall injury Awkward positions while working 
from heights 
    4L. Arm, hand or finger 
injuries 
Loose items come in contact with the 
rotating surface of the tank impellers 
    4M. Minor injuries   
5. De-watering Presence of Hg mixed in water and ore 5A. Hg accumulation in 
the workplace 
Hazards eliminated   5. De-
watering 
    5B. No injury   
6. Electrical Contact with exposed electrical 
conductor due to working too close the 
equipment 
Lack of isolation procedures 
6A. Injury by electrical 
shock or burnt 
6B. No injury   6. Electrical 
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 The hazards with the most severe consequences require more reliable and greater number of 
controls to manage the risks. The hierarchy of controls shown in Figure 24 is a guide to the level of 
effectiveness of the methods of managing the risks. Some hazards inherent to gold processing 
persist similarly in the semi-mechanised and semi-automated technology. These inherent hazards 
can remain to potentially cause unwanted consequences in the semi-automated technology. The 
likelihood of these consequences from occurring can be eliminated or mitigated effectively 
depending on the controls. In this step, the control measures between the semi-mechanised and 
semi-automated technology are compared based on the concept of hierarchy of control.  
 
 
Figure 24: The hierarchy of control (1) and the hierarchy of risk control (2) 
 
 Elimination. The most effective control measure is to remove the health and safety hazards or 
hazardous work practices (Safe Work Australia 2013) associated with the gold processing method 
in ASM. As shown in Table 4, the semi-automated technology eliminated several hazards by 
removing the use of mercury and cyanide in the new technology. By choosing an Hg and CN free 
gold recovery process, the hazards, which result to Hg exposure (3C and 4F), through skin 
absorption (4G), inhalation (4H), workplace accumulation (5A), and cyanide exposure through 
inhalation and contact (4J), are eliminated. This first type of control demonstrates how the semi-
automated technology improved health and safety in ASM by completely eliminating these long-
term health problems caused by mercury and cyanide.  
 Isolation. If elimination is not reasonably practicable, then the risk is reduced by separating 
the hazardous components of the operation or the equipment from people, either by distance or 
physical barrier (Safe Work Australia 2013). In the implementation of the semi-automated 
technology, health and safety risks such as injury by electric shock or burn (6A) are reduced. In 
 88 
addition, the new hazard introduced by the semi-automated plant, which is entanglement in the 
moving components (i.e. flywheel) of the crushing equipment, is controlled by isolation controls as 
well.  
 Substitution. If elimination is not reasonably practicable, then the risk is reduced by replacing 
the hazardous work practice with an alternative (Safe Work Australia 2013). As shown in Table 4, 
the semi-automated technology employed highly mechanised and automated equipment to replace 
manual tasks, storage of sacked ore, feeding by hand, crushing by sledge hammer and excessive 
water use from hoses. Consequently, many health and safety risks are reduced such as: slips, trips 
and falls (1B, 1C, and 3B), crush injuries (1D), fall injuries (1E), abrasions and scratches (1G), eye 
injury and facial cuts and scratches (2A), hand and finger injuries (2C).  
 Engineering controls. There is one engineering control identified in the current semi-
mechanised methods which is water drainage in some areas to reduce risks of slips and falls. 
However, there are other risks, even more serious risks, which can be reduced by additional 
engineering controls. These controls are introduced by the semi-automated technology such as, 
automated watering down systems and inherent equipment design. By improving the equipment 
design to include inherent physical barriers, health and safety risks from arm, hand or finger injuries 
to the more serious fatality (3A) are reduced. Other risks reduced by engineering controls in the 
semi-automated technology include respiratory problems (2D). Moreover, the new equipment 
employed and structure of the plant itself can introduce new risks but are controlled by inherent 
engineering safety design. These health and safety risks include fall injuries (4K) and arm, hand or 
finger injuries which are reduced to no injury (4M). 
 Personal Protective Equipment (PPE). Any remaining risk must be reduced with suitable 
PPE. Although improvised in most cases, PPE has been largely the existing control measure by the 
AS miners to reduce the risk of injuries to the back (1A and 1B), respiratory problems (2D), sun and 
heat exposure (4C), mercury exposure through inhalation (4H) and cyanide exposure through 
inhalation and skin contact (4J). Adversely, PPE is the weakest control measure because it relies on 
human behaviour and supervision (Safe Work Australia 2013). The health and safety consequences 
of mercury and cyanide are serious in which PPE especially when used on its own tend to be poorly 
effective.  
 Administrative controls. If risk remains, it is reduced by implementing administrative 
controls, so far as is reasonably practicable (Safe Work Australia 2013). This is where the health 
and safety management in ASM is currently dependent on for potential fatality incidents (3A and 
6A). However, similar to PPE, administrative controls tend to be the least effective control measure 
because they rely on human behaviour and supervision. As stated earlier, the hazards with the most 
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severe consequences require more reliable and greater number of controls to manage the risks. In 
the hierarchy of controls shown in Figure 24 the level of protection and reliability of administrative 
control is the lowest. Clearly, existing administrative controls in ASM are not effective in 
themselves to manage fatality risks. In the semi-automated technology, administrative controls were 
employed in ore handling that can be in the form of providing supervision, using warning signs for 
steep and slippery paths or arranging workloads to minimise the time spent and distance covered in 
carrying heavy sacks of ore. Manual lifting and carrying may be inherent to ASM activities, but 
appropriate administrative controls can manage the existing causes of injuries to the back (1A and 
1B). Administrative controls are also applied to other health and safety risks including, arm, hand or 
finger injuries (3E and 4L) and other minor injuries (5B). 
 Table 6 clearly shows the change in severity of the consequences between the semi-
mechanised methods and the semi-automated technology through the colour differences. Through 
this comparison of the cause-consequence pairs for semi-mechanised and semi-automated 
technology, the differences can easily be distinguished. For example, in the ore handling process 
step the abrasions and scratches which are in the categorical scale of first-aid injuries (yellow) 
becomes no injury (green). Also, in the process step of grinding, the consequence of fatality (red) 
has been reduced to either no injury or arm, hand or finger injuries (yellow) depending on the 
control used (refer to Table 5 for controls). 
 At this stage, the risk assessment has confirmed that the improvement in health and safety 
through the implementation of the semi-automated technology is not limited to the elimination of 
mercury and cyanide hazards. Other hazards are inherent to the processing of gold ore. The process 
steps are similar, which makes the associated hazards comparable, for the semi-mechanised 
methods currently used in ASM and the semi-automated technology. In terms of inherent 
operational risks, the semi-automated technology improved health and safety in ASM by moving 
further up the existing controls of the semi-mechanised methods in the hierarchy of control.  
4.8 Step 8 – Evaluate the Health and Safety Outcomes introduced by 
the Implementation of the Semi-automated Technology 
A systematic and deliberate health and safety risk assessment has been conducted as shown in Steps 
1-7. The risk assessment demonstrated that the implementation of semi-automated technology will 
improve health and safety in ASM by managing the risks associated with processing gold ore. The 
control measures introduced in this new technology are elimination, substitution, isolation and 
additional engineering controls. All of these controls exemplify a higher level of health and safety 
protection. This is confirmed by reaching the highest level of risk control (Level 1) and ranking 
further up in the hierarchy compared to the semi-mechanised methods. The current semi-
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mechanised methods are limited largely to Level 3 type control measures involving administrative 
controls and PPE. Therefore, the health and safety risks are controlled more highly and evidently in 
the semi-automated technology than in the semi-mechanised methods of ASM gold processing. 
 On a macro-level, the seemingly pertinent aspects of this technology are its semi-automation, 
centralisation and cleaner impact to the environment. 
 The centralisation of the technology has implications on ore transport and tailings disposal 
processes. For ore transport, dump trucks will replace the manual hauling to some extent. The 
health and safety risks associated with manual hauling are then reduced. In addition, the centralised 
technology may address the risks in tailings disposal by disposing mill tailings in one localised area 
where it is environmentally acceptable and at a safe distance from residential housing. However, 
further research should be completed to substantiate the advantages and disadvantages of a 
centralised tailings dam which is beyond the scope of this study.  
 The semi-automation of the technology has implications in addressing the risks associated 
with manual tasks and semi-mechanised equipment. The evolving trend of mechanisation in the 
ASM community in Compostela Valley, Philippines, have been documented by Verbrugge (2014) 
which he observed to deviate from the internationally accepted definitions of ASM which 
supposedly lack significant capitalisation. The existing practices of ASM have been mechanised to 
a certain level through fabrication and adoption from large scale mining companies. However, 
mechanisation in ASM remains limited which warrants ‘semi-mechanised’ as the description of its 
existing technology.  
 Manual tasks such as ore feeding will be replaced by a regulated hopper in the semi-
automated technology. This reduces the risk of cut fingers and limbs and other safety risks arising 
from direct contact with grinding media and moving parts. Most equipment is automated in itself 
that it allows operator control by simply pushing the button. Therefore, with no direct contact 
required, the equipment by design has built-in machine guards that prevent contact with any of the 
moving parts. 
 Another manual task which is crushing with the use of a sledge hammer will not be required 
anymore because crushers are part of the new technology and with greater capacity. This reduces 
the risks to back and wrist injuries and body pain due to awkward positions. 
 The new technology will have less impact than the existing ASM methods because it is 
mercury- and cyanide-free. This is the basis of the new technology’s conceptual design. It comes 
with the arguable assumption that if the environmental impacts of mercury and cyanide have been 
taken care of, then it should follow that the threats to human health have also been solved as far as 
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ASM gold processing is concerned. Earlier in Figure 11 all the processes and input/output elements 
that are inside red shapes in the flowsheet are mercury-related or mercury-contaminated. These 
have the risks of mercury exposure to humans, mercury direct contact and mercury pollution that 
later enters the biological pathways leading to humans. The new technology will potentially 
eliminate all mercury-related risks by removing the hazard itself which is mercury use. Nonetheless, 
it is worthy to note that there are also several health and safety risks apart from mercury and 
cyanide addressed by the semi-automated technology that have been revealed by this risk 
assessment. 
 In summary, this chapter completed the formal health and safety risk assessment and found 
that the semi-automated technology can potentially improve health and safety in ASM. This is the 
first method of investigating the risks through an independent review to address the first research 
question (RQ1) of this study (see Figure 10). However, the health and safety improvement initiated 
by the new technology is dependent on whether or not the technology is successfully implemented 
in the ASM communities. This leads to the investigation of the important risk factors for the 
successful implementation of the mercury-free technology in ASM, as discussed next in Chapter 5.  
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Chapter 5 – Qualitative and Quantitative Data and Results 
Analyses 
In this chapter, a mixed methods design that uses qualitative and quantitative analysis is discussed. 
The qualitative section shows pertinent findings from the immersion methodology that produces 
meaningful insights appropriate to the technology implementation in ASM.  
 The results reported in this section, are a synthesis of the risk perception information collected 
from the ASM stakeholders as outlined in Table 7. It is worth noting that the government 
representatives include both national and local departments. Interview data from government is a 
combination of the oversight from national departments and relating to grassroots information from 
the local government units. Within the technical group not all were technology providers, of the 13 
technical people interviewed there were three respondents who do not have direct involvement in 
the project but they know the project details and they have the competency to assess the project as 
mining and metallurgical engineers and they have local knowledge about the ASM context from 
their work experience. Note that while the interviews had N=78, the surveys only had N=50 (see 
Section 3.4).  
Table 7: Stakeholders sampled 
 Interviewed Surveyed Observed 
Government: 
- Local 
- National 
Sub-Total 
 
14 
7 
21 
 
8 
6 
 
AS Miners: 
- Province 1 
- Province 2 
- Province 3 
Sub-Total 
 
15 
13 
10 
38 
 
 
13 
10 
 
10 
6 
19 
Technical people 13 8  
Advocate groups 6 5  
TOTAL 78 50 35 
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5.1 Semi-Quantitative Analysis of Interview Data in Reference to 
Technology Introduction (Independent) across PHEST Categories 
The spider plot in Figure 25 shows the results of the initial approach to the entire interview data 
collected. It is a broad-brush sweep to observe any noteworthy behaviour in the risk profiles and 
patterns at a glance. It shows the comprehensive data collected in terms of the total number of risk 
comments. The total number includes the number of times each risk was mentioned or described. 
Note that the number indicated inside the parentheses (e.g., P = 428 for Political/Legal is the sum of 
political risk comments in the Before, After and Independent categories. Frequency counts and 
percentages has been a useful measurement in empirical studies designed to capture ‘real world 
experiences’ in project management (White and Fortune 2002). In mixed methods research practice, 
this data aggregation technique is used to describe and find patterns to obtain an overview of the 
qualitative data as a whole (Hesse-Biber 2010).  
 Figure 25 shows that different stakeholder groups represented by 78 respondents mentioned a 
total of 2,719 (Before + After + Independent) risk comments. There are two layers of grouping 
represented in Figure 25 based on Figure 8, the risk influence PHEST categories and the technology 
introduction referential design. 
 
 
Figure 25: All stakeholders’ raw comments mapped onto PHEST framework (axis is % of total 
comments, numbers in brackets are counts of comments) 
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 Figure 25 presents the interview data according to the PHEST categories by their percentages 
and the actual total number of risk comments. Figure 25 shows that the majority of the risk 
comments collected from the interviews were relating to HSE (H=711), followed by risk comments 
relating to social/community (S=697), technological (T=553), and political/legal (P=428), 
respectively. The smallest portion of the risk comments collected from the interviews were relating 
to the economic category (T=330). The total number of risk comments per individual PHEST 
category mentioned is included in Figure 25 for all 78 interviews. 
 Some of the participants provided comments about the mining and tunnelling aspect of ASM. 
Although important, the scope of the study only covers the gold processing component of ASM. 
Some participants, especially the government and advocate groups, provided risk comments about 
the mining sector in general, combining large and small scale together. This was due to the strong 
anti-mining advocacy in the Philippines which some civil society organisations and government 
officials support. 
 Examples of Independent risk themes include: 
• Mining as an industry, in general, is destructive 
• Underground safety and incidents relating to tunnelling and timbering 
• Philippine national government favours LSM rather than ASM 
• Improve development path for mining in the Philippines 
• Lack of financing for underground operations 
 
 Using the Nvivo 11 query on all “independent” codes, stakeholder attitudes toward mining 
presented as most frequently discussed and reinforced. Examples of the comments include: 
NG-001: 
(Verbatim) I’m a little apprehensive in the way we do mining here considering the damage to the 
environment given its contribution to our GDP is less than 1%. [Independent-HSE] 
LGB-012: 
(Translation) AS miners resort to mining when water runs out for their farms, and to generate 
employment and to alleviate poverty. To be involved in ASM, school background is not needed. That 
is the time you could go on a small scale mining. Even for those who have personal disabilities as 
long as they can move their arms and use their hands, you can be part of the group and you will be 
sustained with that livelihood. [Independent-Social] 
ASC-001: 
(Translation) If they (government) want to help then they might as well complete it starting from the 
ore source which is the tunnel. Government should invest in the mine tunnelling because it is really 
all about mining here. [Independent-Political] 
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5.1.1 Limitation of PHEST Analysis on Interview Data 
The limitation of this segment of the method and analysis is that the comments can be more from 
one person than in the other person or any two respondents do not necessarily have equal number of 
risk mentions. This can potentially bias the results in favour of those who talked more. For example, 
not all people within the government group know much about the details of the technology and as a 
result some could comment adequately but others may just have a limited information. In other 
words, the total number of 2,719 risk comments included are a total count of the comments by 
frequency and type. 
5.2 Semi-Quantitative Analysis of Interview Data in Reference to 
Technology Introduction (Before-After) across PHEST Categories 
The third layer of examining the risk comments, as illustrated in Figure 8, is by their impact with 
respect to before or after the technology is implemented, i.e. ‘before’ also includes risks in the 
current semi-mechanised technology used for gold processing while ‘after’ also includes the new 
set of risks that come along with the introduction and implementation of the semi-automated 
technology. If neither of the two categories seemed valid, then the risk comments are classified as 
‘independent’.  
 Risk comments classified as independent are those that relate to the current semi-mechanised 
technology but are not necessarily addressed by the semi-automated technology because they are 
outside the technology project objectives. This classification of risk comments matter to the 
respondents but they do not have a direct effect with regard to the introduction of the technology to 
the ASM communities. Independent risk comments can also include those that act as “spectators”. 
Their presence is constant both before and after implementation, yet they have no indicative 
function in terms of the impact of technology implementation.  
 For instance, looking closely and comparing the profile of the independent risk comments, 
Figure 25 shows that the AS miners have more to say on the indirect impacts of the new plant 
particularly in terms of social/community risks and health and safety. This is no surprise because 
their grassroots and local knowledge combined with their actual exposure in the area enables them 
to see the interaction more thoroughly and entirely. 
 For the spider plots we are only interested in the differences not whether it is an inward or 
outward direction or increasing or decreasing from before to after, as it is not meaningful. It only 
becomes meaningful when we know whether it is the positive or the negative which is then 
addressed later in Figures 31, 32 and 33. 
 HSE is found to be the most significant impact overall but when we begin to break them down 
to stakeholder groups we find that among the four groups HSE is clearly the most relevant to the AS 
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miners. For the technical group, technological risks followed by social and community risks are 
more prevalently discussed than HSE. The government group have almost normalised across the 
range of risks as if treating all the risks equally the same but prevalently discussed HSE in the 
‘before’ comments. No distinct dragged-out corners to any of the PHEST categories are observed. 
The risk prevalence profile for the advocate group was not surprising as the risk comments they 
mentioned were largely the social/community risks which speaks of the scope of their involvement. 
 
Figure 26: All stakeholders’ before and after comments mapped onto PHEST framework (axis is % 
of total comments, numbers in brackets are counts of comments) 
 
 To emphasise the contrast between the Before and After risks in Figure 25, Figure 26 was 
produced. This clarifies further by filtering out the independent and seeing the risks that directly 
affect our objectives. Figure 26, however, remains to recognise the Independent risk comments by 
accounting for their contribution to the total number of risk comments in each stakeholder group. In 
other words, the numerical percentage data remains the same for Figures 25 and 26. Independent 
risk comments assist the researcher to form the links and make sense of the risk perceptions in the 
Before and After categories. The contrast between the Before and After risks is where the formal 
risk analysis begins because they are risks strictly with respect to the new technology. The Before 
and After risks refer to the effect of uncertainty to the objective of implementing the new plant and 
achieving the desired environmental outcomes.  
 As shown in Figure 26 the important factors in terms of looking at the whole stakeholder 
perceptions were found to be HSE risks and technological risks. HSE risks had the highest 
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frequency of mention of the “before” technology implementation comments (blue) at 15.3% and 
technological risks had the highest frequency of mention of the “after” technology implementation 
comments at 11.2%. Additionally, the largest gap between the before and after in Figure 26 was 
also from these risk categories. HSE have the highest gap at 9.5% followed by Technological at 
3.8%. 
 When Figure 26 was broken down to reveal the risk perceptions for each of the stakeholder 
groups, it was found that the AS miners group provided the majority of the HSE-before risk 
comments as shown in Figure 27 while the technical experts provided the majority of the 
technological-after risk comments as shown in Figure 28. 
 However, a third important risk factor captured in the spider plots was the largest gap of 
4.11% observed in the economic risk comments provided by the Advocate groups. As shown in 
Figure 30, the economic-after risk comments were significantly less than the economic-before 
comments. This was validated by the large gap observed in the economic risk comments provided 
by the miners. The gap in economic risk comments for the AS miners was found to be at 4.0% 
which is the second largest gap in the miners’ risk comments next to HSE risk comments. 
 Therefore, through the semi-quantitative approach used to analyse 78 interviews, the results 
of the spider plots revealed that the important risk categories that are critical for the successful 
implementation of the new technology were found to be HSE, and Technological and Economic. 
Their critical importance is based on the criteria set which is in terms of frequency of mention and 
the magnitude of the gap between the before and after risk comments per category. In the following 
sub-sections, each of the categories are examined more closely and examples from the actual 
comments of the stakeholders are provided for discussion. Political and Social risk are also 
discussed and examined. Noting across all PHEST categories, they demonstrate the mismatch of 
perceptions among the stakeholder groups which will also be discussed.  
 Additionally, the semi-quantitative method captured what matters most in each of the 
stakeholder groups based on what they like to talk most about in the open-ended format of the 
interview. As shown in Figure 26, with the miners we see that they talk more about the health, 
safety and environment in their old methods rather than in the new technology which was 
interesting. In Figure 27 the technical group have a lot to say about the strengths and weaknesses of 
the new technology which is fairly obvious because they would be more knowledgeable about it 
than the other groups. In Figure 29, government representatives talked about all categories of issues 
relatively of equal proportion but slightly more about social and community regarding the new 
technology. The advocate group which includes NGO’s talked a lot about social and community as 
well (Figure 30). For example, with the centralised set-up this unites the miners to form 
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cooperatives, that in turn, makes them more aware of local social services and social protection. 
They see this as a possible benefit which in this research methodology is regarded as a positive risk.  
 In the following sub-sections, the risks identified from the interviews were ranked by the 
researcher according to frequency of mention (Johnson and Tversky 1984), and estimated severity 
and degree of importance as emphasised by the participants during the interviews. The important 
risks are listed in each of the PHEST categories based on how they relate to the significant patterns 
in the spider plots. All risk comments were considered in the high-level spider plots but only risk 
comments that are validated are included in the bulleted list in this chapter. By validated, it means 
that the risk comment is mentioned by two or more of the participants and it has been reinforced by 
the participants intensely during the interviews. 
 For accuracy, the verbatim risk comments are shown in Appendix A. In this chapter full 
English translations are included to support and facilitate discussion. However, for some 
participants, especially from government representatives who have answered the interviews in full 
and sensible English, verbatim comments were kept as is. 
5.2.1 Health, Safety and Environmental Risks 
Using Figure 26, a broad-brush but more targeted analysis can be performed. At this stage, the 
before and after risk comments are investigated more closely. As shown in Figure 26, HSE was the 
most frequently mentioned across all PHEST categories with a total of H=574 risk comments 
(before and after). But more strikingly, HSE-before comments have the highest frequency of 
mention in terms of proportion at 15.3%. The observed workplace health and safety risks were 
systematically assessed in Chapter 4. However, the assessment does not necessarily reflect the 
perceived workplace health and safety risks. The following are the important risk themes of the 
health, safety and environmental risks that the participants perceived. Actual risk comments relating 
to the risk themes are discussed thereafter to provide examples.  
• Safety depends on the length of work experience. 
• Safety depends on the person or the type of worker. 
• Safety increases when you pray. 
• Complacency with the work that often leads to injuries and fatalities. 
• Alcoholism in the workplace. 
• Migrants are more likely to be involved in WHS incidents than locals in the area. 
• Safety is getting PPE’s from the financiers. 
• Health and safety is receiving mercury detoxification from the barangay. 
• Mining underground is more hazardous than milling process plant. 
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• Protection of children is a priority. 
• Safety rules were already established then it is up to the miners if they comply or not. 
• Injuries caused by entanglement with moving and rotating parts of equipment. 
• Safety should be improved by technology. 
• Understanding of harmful effects of mercury amalgamation and cyanidation processes. 
• Tuberculosis and other respiratory illness develop around ages 40-50 among miners. 
• Increased body frailty at age 50. 
• Wearing PPE affect performance of tasks (e.g., gloves, boots, etc). 
• Management of tailings. 
• Falling from heights and elevated structures. 
• Emerging risks associated with “new” machines. 
• Cost of safety too high for small operations. 
 In general, the results show that considering all stakeholders HSE is found to have the greatest 
impacted effect of risk perceptions from 15.3% (before comments) reducing to 5.8% (after 
comments). But it was found that 46% of the HSE-before comments came from the AS miners 
which is a large proportion compared to the other three stakeholder groups. It was also found that 
the majority of these HSE risk comments were based on miners’ beliefs and experiential 
knowledge. 
 The miners believe that safety is acquired by mastery and familiarity of doing the tasks. 
Hence, the longer work experience the miner has, the more aware he is of the hazards and how to 
avoid them resulting in accidents. 
ASA-411: 
(Translation) For us here in the area (Agusan del Norte, Province 2) we are already experts in ASM 
gold activities because we learn by mastery. But this was not the case when we first entered the job, 
of course. ASM has been our livelihood here therefore it is really safe. If we incur mistakes or near 
misses, it’s not much. 
 With this perception, it seemed that older miners are at a lower risk of accidents than the 
younger and more recent members of the mining group.  
 But this perception fails to explain why even the AS miners who experience serious injuries 
and even fatalities also include those who have been working more than five years. Some miners 
attribute the accidents to complacency of other miners at work while others attribute it to 
alcoholism. 
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ASA-306: 
(Translation) I [currently] work in the gold processing plant. I also have experience underground 
as timberman. [I spent] five years in Cagayan de Oro, also ASM and two years in Pirada. So 
starting from when I was a young boy, [I have a total of] 20 years of experience working [in ASM]. 
I had no personal experience of injuries. But with my co-workers I witnessed some including fall 
from wiring and cut hands because they were complacent. They did not use “safety first” mentality 
in spite of their many years of experience already. 
 These perceptions based on belief systems though seemingly subjective are often evidence-
based. The majority of serious injury cases involve miners who are not originally a resident of the 
area or are new in the community.  
ASA-412: 
(Translation) Our province is not like the ASM areas in Diwalwal (a village in Compostela Valley, 
Province 3) that are open with a lot of pits and holes. Here it is not like that. That’s why ASM is 
safer here. There is not yet a record [relating to health and safety accidents] here. Most people who 
are harmed in accidents are migrants coming from other provinces or elsewhere. The locals here in 
the communities do not experience similar incidents as migrants because we have experiential 
knowledge. We just look at the ground and we know straight away because experience is our line of 
defence.  
ASA-413: 
(Translation) The safety-conscious AS miners are originally from Cabadbaran (a city in Agusan del 
Norte) who migrated to Diwalwal for work. In rescue operations, it’s usually Cabadbaranon 
(reference to people from Cabadbaran)… [We keep ourselves safe within our group arrangements] 
for example, in a group of AS miners there is usually a financier who is responsible for our safety 
so he buys us boots, mining hat for safety because they [the financiers] will be the ones held 
accountable anyway [if accidents occur], they are also the ones to pay [for the damages]. 
 A number of the HSE-before comments from the AS miners involve their religious beliefs. 
The miners believe that prayer before going to work or taking any task increases safety in the 
workplace. There was no evidence found whether all those who prayed were safe or whether those 
who were injured or had an accident were people who did not pray. Nevertheless, the majority, if 
not all, of the miners depend on their religious beliefs to keep them safe from a hazardous 
workplace environment. For instance, ASB-009 who is a lead miner in a miners’ association shared 
that he teaches prayer as a safety practice among his members and co-miners.  
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ASB-009:  
(Translation) I think safety is not weak [in ASM]. It is regulated. It really depends on the person. 
There is a miner who is just pushes to work as hard as he can. We’re [as an association] teaching 
them that before they take up any task, they should start praying first before they enter the 
compound. Or might as well, before you leave your house, you start praying then focus to your 
work. 
 This shows that workplace health and safety risks are managed at a community level. AS 
miners rely on informal arrangements with respect to their workplace health and safety which are 
based on trust with their co-miners, a sense of accountability by their financiers and barangay 
(village, smallest unit of government) assistance. The advantages that the miners see in this form of 
non-standardised risk management is the ease of familiarity and sense of community which is a 
Filipino cultural trait. Hence, there is a lack of formal training which can be due to a lack of 
appreciation by the miners as they are comfortable and familiar with such informal arrangements in 
their working environment. 
 As mentioned earlier, the HSE-before risk comments were largely from the AS miners group. 
Therefore, it is noteworthy to look at the risk profiles of the different stakeholder groups separately 
as shown in Figures 26 to 29. 
 
Figure 27: AS miners before and after comments mapped onto PHEST framework (axis is % of total 
comments, numbers in brackets are counts of comments) 
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Figure 28: Technical groups before and after comments mapped onto PHEST framework (axis is % 
of total comments, numbers in brackets are counts of comments) 
 
 
Figure 29: Government representatives before and after comments mapped onto PHEST framework 
(axis is % of total comments, numbers in brackets are counts of comments) 
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Figure 30: Advocate group before and after comments mapped onto PHEST framework (axis is % of 
total comments, numbers in brackets are counts of comments) 
 
 It is interesting to note that the greatest effect is reflected more precisely by the AS miners but 
not the other three stakeholder groups. The HSE risk profile of the AS miners in Figure 27 reveals a 
very large effect denoted by a difference between 27.0% and 3.7%. That is a difference of 23.2% 
which can be indicative of the impact of the technology implementation on the HSE risks or 
alternately, the effect of the HSE risk perceptions to the acceptance and adoption of the 
implementing technology. A similar pronounced difference in HSE risk perceptions is not evident 
in the technical, government and advocate groups. Therefore, the before-after difference of 9.5% in 
all stakeholder groups in Figure 26 were largely brought about by the AS miners where in the AS 
miners group in Figure 27 consider that the difference is 23.2% while the technical, government and 
advocate groups believe, 2.3%, 3.9% and 2.4%, respectively. 
 The interview data revealed that during the interviews the AS miners mentioned and 
described more HSE risk perceptions regarding their existing technology compared to the other 
stakeholder groups and these HSE risk perceptions seem to disappear when the mechanised 
technology is implemented. The AS miners frame workplace health and safety in terms of informal 
arrangements shaped by their community culture. Although there were HSE-after risk comments 
about the new technology as beneficial in terms of reducing the negative effects of mercury and 
cyanide to their health and environment, the AS miners did not have comments on how the 
implementation fits into the informal arrangements they are familiar with. 
 The other three stakeholder groups were all similarly limited in seeing the negative effects of 
mercury as the primary or seemingly the only HSE-before issue in ASM. This explains the small 
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gaps in the HSE category for these three groups as most of their HSE-after comments were about 
the benefits of eliminating mercury. Hence, if the three groups only consider that the workplace 
health and safety issue in ASM primarily involves mercury effects then the flipside of the negative 
HSE-before comments is the positive HSE-after comments about the new technology. The HSE risk 
perceptions are mismatched in a way that the technical experts, government and advocate groups 
perceive that HSE in ASM are primarily negative due to mercury whereas the AS miners consider 
their informal arrangements are enough to protect them from harm.  
 In terms of HSE, some technical experts who are not part of the technology providers 
consider the existing cyanidation process technology in ASM is adequately safe. Hence, the 
implementation of the new technology does not significantly improve health and safety conditions 
other than the elimination of mercury which is represented by the small gap in the HSE risk 
category of risk comments from the technical and government representatives.  
T-008: 
(Translation) There is safety in the existing cyanidation process. In the case where one [ASM] area 
have several [legitimate] mining operations or AS miners then they don’t have a mineral processing 
plant then the government agency is obliged to put up that custom mill [Cyanidation process 
technology].  
 The HSE perceptions of technical experts and government representatives reveal that they 
have completed their part as regulators and technical advisers to set the rules of safety for the 
miners and it is up to the miners if they comply or not at their own risk. 
T-008: 
(Translation) For example in cyanidation, we tell them to install caustic solution, caustic soda 
solution tanks alongside with cyanide tanks so that during spillage incidents, it will be easy to 
neutralise with lime or something similar. Then recycled and spilled cyanide solution should be 
[contained] in bund walls [in] the designated cross-cyanide tank. So there is a standby submersible 
tank ready to be used in spillage incidents. Then for their leaching tanks, we really impose that they 
set up bund walls, in case there would be spillages again, at least the spillages will be contained in 
one area only. 
 Most government representatives seem to be overly relying on technical experts to regulate 
health and safety in the new technology. They do not appear to value auditing health and safety as 
much as they put value on auditing environmental regulations. LGB-011 revealed a seemingly 
indifferent or apathetic attitude towards occupational health and safety as follows. 
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LGB-011:  
(Translation) But if it is regarding OSH [occupational health and safety] of the new technology 
itself then we don’t need to question that anymore. It is up to them [technology providers] what they 
want to do. 
 At the national level, government seem to be aware of this apathetic attitude but justifies it as 
a lack of capacity and manpower to monitor occupational health and safety.  
NG-004:  
(Translation) But you know, you have to also consider that even with some of our mines, we need to 
obligate to have a full time safe and health officer because there are only very few regulatory 
officers like us in the regional offices. Here [in the national regulatory office] there are only very 
few of us. It might be difficult for us to focus [in looking at health and safety] in just one technology 
facility alone if you have a lot of other assignments [regulatory tasks] at hand. So definitely, there 
is a need to hire separate set of personnel for that purpose to have a focused investigation.  
 In terms of the word “safety” it was also perceived differently by some participants. Others, 
including miners and technical experts used the word “safety” to mean “security”.  
T-010, one of the technical experts, said that the technology should be kept safe against insurgents. 
T-010: 
(Verbatim) Yes, but for safety purposes, we decided to deploy the plant in Nabunturan, Compostela 
Valley Province. 
 
 Insurgency by itself is a political issue and a political risk. Security associated with 
insurgency was also found to be a salient political risk theme during the interviews. Interestingly, if 
the response of T-010 was taken as it is, it would have been misleading. When considered in 
context, the safety that was meant here was in reference to the peace and conflict situation in 
Diwalwal which has been infamous for the colloquial 3G’s (gold, goons and guns). In this instance, 
it is noted that the safety term is used interchangeably with security. This relates to the security of 
the technology due to insurgents especially as the project is initiated by the government. Anecdotal 
evidence exists regarding incidents where insurgents burn project equipment within their claimed 
territory when their terms are not addressed. The likelihood of this risk is considered high for some 
of the participants who claim that some of the AS miners are members of armed leftist groups 
which are common in mountainous remote areas. However, for these risk comments they were 
coded either under political risk or technological risk depending on the context of the comment and 
not under HSE risk. 
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5.2.2 Technological Risks 
 Technological risk comments reached a total of 508 risk comments (T=508). The 
technological-after risk comments were the second most discussed among stakeholder interviews 
which included: 
• Increased level of control is achieved in the semi-automated technology. 
• New technology has additional stages for more efficient gold recovery. 
• The ore capacity of the new technology can be unattainable for AS miners on a regular basis. 
• Natural calamities common in the country can incur damages to the equipment. 
• Project management affects the performance of the new technology. 
• Different engineering fields should be involved in the planning stage. 
• Easy access to the new technology is not sure. 
• Cyanidation process is the fastest gold recovery process. 
• Smaller footprint requirement of facility is important. 
• Maximising the effect of gravity can enhance design of the new technology. 
• AS miners lack scientific and technical training in performing the gold processing. 
• New technology requires a lot of water. 
• Unstable power supply in the project locations can compromise operations. 
 
 The most common technological-after risk comments among the miners is that they will only 
accept the technology if they have seen its efficiency. The miners expressed that they do not need a 
lecture because they know gold mining processing very well. What they want to know is whether 
the technology can live up to its promise of efficiency and on that basis alone will decide if they 
accept the technology or not. This is reflected in the closed gap (i.e., small difference between 
before and after) in the technological risks category in the miners risk comments because for them 
their existing technologies were adequately improvised or fabricated to fit their needs with a certain 
level of efficiency. They are quite content with that level of efficiency and seek improvements 
through ingenious methods. Therefore, a competitively efficient technology is what it takes for 
miners such as ASB-009 to accept the technology. 
ASB-009: 
(Verbatim) Are we going to adapt it or are we going with the price of the new technology? Will 
there be capability for every miners to... as I said in our discussion, we have to see first that it's 
working before we answer those questions [whether to accept the technology or not]. We have to 
see the efficiency. If it's efficient and if the miner is really skilled then they can find a short-cut 
[improvise] the process. You know miners, you cannot get them with a lecture, but you can get 
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them, once they see the result. Because it will spread like a “kwentong barbero”. I will also make 
my own. [There is] very high competitiveness among miners. 
 The most prevalently mentioned risk comments by the technical group is technological in 
nature as shown in Figure 27. Most technological risk comments expressed by the technical experts 
related to the strengths and opportunities of the new technology. In this study, they are referred to as 
positive risks because of their positive effect to the successful implementation of the new 
technology. These positive risk comments include good engineering and structural design that 
results in increased level of control in the operation and good metallurgical performance partly due 
to additional stages in the gold extraction process. The technical experts were not all from the 
technology industry. Some of them are a part of government agencies such as the Department of 
Science and Technology (DOST) and the Mines and Geoscience Bureau (MGB). Therefore, a cross 
examination of industry/government technology expert perspectives are captured about the 
technology to provide a balance of perspectives, although there were limited technical experts 
external to the project familiar with the project. This demonstrated confidence by the technical 
group that the new technology will work as intended. 
T-002:  
(Verbatim) Yes, since the plant is complete gold processing plant, wherein you feed the ore and 
then what you recover is a good (inaudible) in the end, basically entails a lot of complex processes 
but we have to make it simple for them [Technological-after positive]. 
T-003: 
(Verbatim) Yes they have crushers, conveyors, they have a rod mill, although they don't have 
classification techniques. So that's another part that we will be introducing. Our ball mill is paired 
with hydrocyclone for classification. 
T-004:  
(Verbatim) Well they will have better facilities, I think, for their processing, and they will be 
educated with responsible mining. With the plans we have right now, I believe that the plant can 
operate well. [The new technology also offers] increased recovery. We have a structural design 
compared to the ASM prior to project. They (ASM) just build randomly [Technological-after 
positive]. 
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T-005: 
(Verbatim) Their main question is the [gold] recovery for them as compared to their existing gold 
processing method. And whether if this new technology is easier. So it will benefit them also 
financially. Lesser resources they need to. Lesser effort more gain. 
 The technological-negative risks that the technical group found related to threats of external 
conditions to the technology. The local government recognised these negative risks to the 
technology as well. While some expressed concern about risks of technology to the community 
such as competing with the communities for water resources as the new technology uses more 
water. Comments by the technical experts and government representatives on the negative 
technological-after risks included: 
T-002: 
(Verbatim) A threat would be of course natural calamities like earthquake as well, especially in 
Caraga (Agusan del Norte). There’s always earthquakes there, almost every day, very mild. 
LGB-015: 
(Translation) There were delays in the construction phase of the technology due to the rainy season.  
 However, the technology providers claim that the issue of water use has been accounted for in 
the design of the new technology by including a water re-using system. Technical experts and 
government representatives were found to agree on some positive technological-after risks 
including the good engineering and structural design but as yet have not reached agreement in terms 
of metallurgical performance. Like other stakeholder groups, government representatives take on a 
“see-is-to-believe” mentality. 
T-002: 
(Verbatim) So when you do this, you just need a lot of water basically and the water can be reused 
in the plant so it’s not harmful to the environment and to the people who are operating. 
NG-008: 
(Translation) Big accomplishment [is] the design. Completion of the design. I haven’t seen it 
personally so I am still anxious. I don’t see any output yet in the new technology. But this October 
they will start operating the Benguet plant and I want to see it and see gold produced. 
 In terms of the metallurgical performance of the new technology, government representatives 
find it difficult to see the positive technological-after risks which the technology experts are 
confident about.  
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NG-003: 
(Translation) But when in my personal assessment, when you say an alternative, it [the new 
technology] should be a process that will really substitute or that will be another path that ASM can 
attain at the moment with their existing mercury process. At the moment, ASM can produce gold 
nuggets, small gold pieces straight away from their existing process. So that’s a challenge for the 
new technology because the easiest and fastest way to recover the gold is still what ASM is already 
doing right now. 
 While other government representatives see the negative technological-risk to include the 
poor project management of implementing the new technology. Poor project management was a 
technological-after comment that was reinforced by both government representatives and the 
technical experts. The latter states that different engineering fields should have been involved in the 
planning stage because otherwise a lot of re-designing takes place. There are also adjustments to the 
technology that may not be made due to lack of time if they are done later in the project. 
LGA-016:  
(Verbatim) Government is sceptical about the project management side. 
T-004: 
(Verbatim) I think more engineering field should be involved. Because initially it was only done by 
mining and metallurgical engineers. I think other engineering fields can have input in terms of 
structural and architectural space planning, plumbing. I think they should be involved in the 
planning stage. 
T-011: 
(Verbatim) That is what worries me, if this new technology simply becomes a white elephant.  
 Another technological risk identified that government representatives think that could have 
been addressed by good project management strategies was the site selection process. Poor site 
selection can lead to failure of the technology implementation. Site selection is important because if 
not done properly then access to the technology will be difficult for the miners so they will end up 
not using the technology. It affects technology usability. LGA-018 says in terms of efficiency, it 
might not be enough of a selling point as some AS miners and financiers have the means to improve 
gold recovery by buying the latest technology from overseas. The technical experts recognised this 
threat as well. If the risk of difficult access to the technology is not managed then the miners may 
not patronise the new technology therefore leading to implementation failure. As suggested by T-
011 stating that what worries him is the new technology becoming a “white elephant”. 
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LGA-018: 
(Translation) The location of the plant is questionable plus the [location of the] tailings. The plant 
[new technology] should be established in a well-defined mineral processing zone and the final 
tailings should be defined as well. Those factors should be considered in the design. For the AS 
miners now, they are using the latest technology which they normally import from overseas. 
 Meanwhile, the AS miners were not worried either about the metallurgical performance or the 
engineering design. The miners technological-after risk comments are looking forward to learning 
new skills and gaining more knowledge about efficient gold processing through this new 
technology. The concerns they talked about related to the availability and affordability of the 
construction materials in order to fabricate the new technology. The technological-after risk 
comments were around how they can practically replicate the plant and re-build it according to their 
local conditions. There were also technological-after risk comments relating to the applicability of 
the technology to low-grade and low amount of ore which miners still believe that only cyanide can 
solve. Hence, they believe that cyanidation is superior and that the combination of the mercury and 
cyanidation process is the most appropriate technological design for ASM.  
ASB-003: 
(Translation) If ever I still want to learn more and add more skills. Additional information about 
mining and mineral processing. 
ASB-111: 
(Translation) But when it comes to the [construction] materials we cannot provide them because 
they are very expensive. Those materials needed to construct the plant.   
 There were miners such as ASC-001, who were having a difficult time letting go of the old 
familiar process that they were used to. The familiarity of AS miners to mercury amalgamation as a 
quick and easy gold processing method is a barrier for some to accept the new technology. Just the 
thought of the absence of mercury in the process makes it difficult for miners to comprehend if it is 
even possible – it is just how the existing system works for them. 
ASC-001: 
(Translation) If mercury will be eliminated, then what would happen to the [low-grade ore types] 
0.1 and 0.2 gold assay grade? If cyanide will also be eliminated then what will happen to the re-
processing of the tailings that have cost you Php3,000 to accumulate and then you cannot process 
them?  
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ASC-009: 
(Translation) Then people were complaining because already mercury amalgamation has been a 
quick method for us. Yes I agree very much [that AS miners should use mercury-free technology] 
because it is not harmful but in terms of time, it [another mercury-free technology] causes delay. 
Processing gold using mercury-free technology is just oddly different when compared to using 
mercury. 
ASC-007: 
(Translation) Mercury amalgamation can never be avoided among AS miners because that’s what 
we are used to doing… Even the abanteros [underground miners] will not honour that [elimination 
of mercury] because when they go out the tunnel they bring out the [first set of] ore bags to be 
processed then they go inside the tunnel again [for another 6-8 hours] to get more ore sacks 
[second set] but by the time they go out the tunnel the second time, they expect that the gold 
processing of their first set of ore sacks have already finished processing. 
 The miners recognise their lack of scientific and technical-know how in efficient gold 
processing technologies. However, they are able to compensate this lack through their ingenuity. 
The miners found a way within their limited local conditions to re-process their tailings and see this 
re-processing as a beneficial step to gain more profit. Hence, they believe that a more efficient 
technology means higher profit for them. Meanwhile, Advocate groups think that technology-wise, 
ASM is covered, however, it is profit-driven, as indicated by S-001, S-004 and S-005. 
ASA-413: 
(Translation) Previously when we don’t have a [reprocessing] plant technology yet we used to just 
dispose our tailings after the mercury process. Then when we started adapting this re-processing of 
tailings type of technology then we realised that there was still a lot of income that remained in our 
waste. The re-processing [technology] enabled me to buy a motorcycle. Before that we did not have 
this plant [technology] we were just walking long distances, now we have motorcycles.  
ASB-001: 
(Translation) Previously, everything was performed manually such as manually pulling the 
flywheel. Here in Benguet it [ball mill] used to be water-driven so it’s force from the water that 
makes the equipment rotate… Yes, water… But now, not all water sources are as strong as before 
so the miners have improvised on their own and fabricated machines to operate.  
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S-001: 
(Translation) Okay drivers. I think how should I call it… civilization. Because especially here in 
Benguet, mechanised technology for ASM gain more access through tourism. Tourism is the 
number one industry in Benguet now so miners had more access to available technologies brought 
about by businesses. 
S-004: 
(Verbatim) In SSM (small scale mining) areas that we have visited in Mindanao, I can say that 
there are no ‘artisanal’ or ‘traditional’ way of small-scale mining. According to SS (small scale) 
miners interviewed in the areas, the process of SSM was introduced by the miners (usually large-
scale mine workers) from the North. The process of SS mining is a combination of manual and 
mechanised techniques. 
S-005: 
(Verbatim) The people I saw because they were really the SS miners I went with, I didn’t even go to 
the big operation, there were few big operations. They have more equipment but I wasn’t very 
interested. As long as we stay on a pyramidal structure at this point it becomes destructive. 
[difference between artisanal and small scale] equipment-wise I think and I’ve seen a small 
operation which I would qualify as they are artisanal they have better equipment. 
5.2.3 Economic Risks 
• Economic benefits of the old mercury method is already proven. 
• Disposable income is benchmarked to be higher for those involved in ASM in rural provinces. 
• Level of unemployment is addressed because ASM is a family livelihood where everyone 
benefits. 
• New technology can increase profit. 
• Economic gain may not reach individual miners. 
• Cost of technology replication might be expensive. 
As shown in the spider plots per stakeholder group, the economic-before risk comments are greater 
in proportion for advocate groups (Figure 30) and AS miners (Figure 27) whereas economic-after 
risk comments were greater in proportion for technical groups (Figure 28) and government 
representatives (Figure 29). This is indicative of a significant mismatch of perceptions among the 
stakeholders. Although economic risk comments were not highly significant in terms of frequency 
of mention, economic risk comments had the largest gap within a stakeholder group, the advocate 
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groups, at 4.1%. The other risk categories were not as large and it is more than twice the gap of the 
technological risk category.  
 Advocate groups and the AS miners have a deeper understanding of the impact of the ASM 
industry in their local area. Most of these impacts are economic in nature and are positive. In the 
following economic-before comment by S-001, the economic benefits of the existing methods in 
ASM has been recognised and deeply established in the local communities. From an external 
perspective but deeply immersed into the communities through development aids and social work, 
advocate groups have gained first-hand knowledge of the economic benefits of ASM as a livelihood 
not just at the community level but also on an individual level. They claim an accurate 
understanding of the social context from their first-hand experience with the miners is to 
appropriately put emphasis on the importance of gaining income on a daily basis for the people 
working in ASM to sustain their families. 
S-001: 
(Translation) Sixty percent of the gold [national reserve] comes from small scale. It’s not a small 
thing in terms of gold production. Even in agriculture, they can come up with a really big 
population [of farmers] but their contribution per person and in terms of monetary value of how 
much each farmer earns compared to a small-scale miner. A small scale miner earns more than an 
ordinary farmer. The basis is per person. 
S-004: 
(Verbatim) Small-mine workers can get their salary daily. 
 The miners such as ASB-002, on the other hand supports this claim by sharing how their 
involvement in ASM improved their living conditions and better level of income for their families. 
The economic benefits of ASM, prior to the new technology, has been favourable not just to the 
host community but even to neighbouring towns and provinces. The miners such as ASA-411 
claimed that for as long as the miners, whether local or migrant, work hard enough then they will 
earn their profit and even go on to build investments as ASC-010 also stated. 
ASB-002: 
(Translation) I was enticed to the ASM industry because my peers told me that there is higher 
income. But in reality the income is not that high. Just enough to provide for the family. But if I 
stayed working as security guard, then I will incur more debts. 
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ASA-411: 
(Translation) Our barangay [village community] improved to become a better and beautiful place 
to live because of the ASM industry. It is now more vibrant and more people because of mining. The 
migrant miners are more fortunate than the locals because they work harder than us. So it’s not just 
Agusan del Norte that profits from the ASM operations in the area but also people from Bukidnon 
[neigboring province]. 
ASC-010: 
(Translation) The houses here in Diwalwal [Compostela Valley, Province 3] are small but in the 
lowlands near the city the houses of the miners they are big because they have the capacity to invest 
from their ASM income. If you establish your savings here in the ASM location, then it is just a 
waste.  
 But these economic benefits come with a costly compromise. The economic conditions in 
ASM are found to be interlinked with their social circumstances. The contribution of ASM is not 
only to improve living conditions but more importantly for S-003, ASM addresses vulnerability and 
poverty of the people in the communities.  
S-003: 
(Translation) So when it’s economically beneficial and the benefit is mutual, you [AS miners] will 
always find a way. They [AS miners] are also highly vulnerable. They do not have social protection. 
They [AS miners] do not have safety gear. But they do that because the income is really higher.  
 Moreover, for SB-006, the existing gold processing methods improves living conditions in 
communities appropriately such that the supposedly industrial operations becomes part of domestic 
housework. In this way, the level of unemployment in remote provinces is addressed because ASM 
operations are completed in a family livelihood setting. In addition, the workplace blends properly 
to households in a non-disruptive manner. A setting, SB-006 added, that must be carefully 
considered for the successful implementation of the new technology.  
SB-006: 
(Translation) Because this is a family endeavour. So each one has their own role, from the men, to 
the women, to the children, to the elders. They have their own role. Since all of them have a role in 
the process of production, each one received the benefit. They all benefit [income]. 
 The economic-after comments are not extensive because the advocate groups such as  
S-004 believe that ASM does not necessarily need a new centralised mercury-free technology. 
Rather, financial assistance could have been an equally good or better alternative. 
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S-004: 
(Verbatim) But, it is possible for SSM industry to survive without mercury. Provided that financial 
assistance is provided to rectify the existing processing plants. 
 SB-006 adds a similar economic-after comment that rather than a new mercury-free 
technology, the best way to help ASM is to provide up-skill training and development for the 
downstream industries surrounding ASM such as jewellery-making. Advocate groups believe that if 
government really want to make a positive impact in ASM communities then their technology 
interventions should have the intention to function long-term, meaning the whole system is 
considered not just one aspect which in this case is the gold processing aspect of ASM. 
SB-006: 
(Translation) Yes, you develop the internal economy and also the economic capacity of the people. 
For example, the miners can go on with the normal mining operations controlled by the community. 
But the goals should not be limited on that but venture into jewellery-making as part of the ASM 
activities. So you have to introduce intervention how to develop that skill. 
 Another common risk theme that the advocate groups discussed strongly was the existence of 
a strong economic network that is somewhat interwoven into the social structures and there is 
centralised control in the distribution of wealth in ASM. S-005 suggests that in the existing 
economic framework, the distribution of wealth is accumulated by a dominant person or a dominant 
group of people. Noting S-005 is a non-Filipino person involved in an international NGO helping 
developing countries such as the Philippines and who also had the opportunity to spend quite a long 
time in the Compostela Valley.  
S-005: 
(Verbatim) Somebody is getting this aggregation of small scale miners. Somebody is getting some 
benefit somewhere I guess because the gold keeps circulating in the hands of those doing less of the 
work. The problem is there is always one guy pulling more profits than the others and it’s not a real 
cooperative. You have a dominant person or class so it [ASM] is a pyramidal structure. 
 The existing informal financial schemes that support the existing methods of mining and gold 
processing in ASM provinces were identified by the advocate groups as well. For them, this is an 
integral part of the informal economy that must be recognised because the roots are deep. SB-006 
adds further in saying that certain actors play an important part in the informal financial scheme as 
they control capital sources and funds availability. These actors can be anybody from indigenous 
clan leaders to even foreigners or non-Filipinos. This too has implications for social and cultural 
structures according to SB-006. Either way, there are informal schemes in place. 
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SB-006: 
(Translation) There are many indigenous people in ASM. Especially those who have been 
previously employed in mining companies. Now, there is a huge trend where foreign financiers 
come in like the Koreans. There are also traditional small scale mining where the financier is from 
inside the clan. In that case, if there is gold produced, then the gold is sold, then the profit is equally 
divided. So there is a socialised scheme how to divide [the profit]. 
 The informal schemes in these cases are driven more by economic power than politics. They 
do not necessarily have the position of leadership but they control the market by controlling the 
capital sources. If S-005 views this informal economic system as seemingly unfair and exploitative, 
most miners especially in Benguet view this as an advantage because when the control is in the 
right hands or the dominant person or class is part of the community, then there is opportunity to 
help and be helped financially.  
ASB-112: 
(Translation) This is the great thing when it comes to economic, when you have a booming tunnel 
like that in Sagaok at least you can ask for help. For those with nothing, they can receive. When it 
comes to economic, we help one another. There is a culture of sharing. 
 The Economic-after comments were similar for both technical experts and government 
representatives. Both groups are confident in the increase in revenue that the implementation of the 
new technology will bring into the provinces. For them, there is an increase in revenue therefore the 
economic risk to the community is positive creating more opportunities. Their risk comments were 
more generic and higher-level development which are different from the detailed and context-
specific economic comments by the advocate groups and AS miners. 
T-003: 
(Verbatim) Basically it's the financial aspect. Actually when we talked to them [ASM communities] 
regarding this project, they are motivated by the fact that we are aiming to increase their recovery, 
thus increasing their revenues. 
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5.2.4 Political Risks 
As detailed in Section 5.2.1, there was a mismatch of perceptions between the AS miners and the 
other three stakeholder groups in terms of HSE risks frequency of mention. However, for political 
risks, the three groups have a significantly higher frequency of mention than the AS miners. 
Government representatives have a high frequency of mention of political-after risk comments at 
9.7% followed by technical experts at 9.3% and not far behind advocate groups at 6.5%. However, 
the AS miners’ political-after is 0.7% which is very low compared to the three groups. Overall, 
although political risk comments were not highly significant in terms of frequency of mention, it 
was the most diverse in terms of issues and also indicated a split mismatch of perceptions of 
technical experts and government representatives (Figures 27 and 28) against the AS miners and 
advocate groups (Figures 26 and 29). However, between technical experts and government 
representatives, a wide range of diverse opinions were observed. But none of the opinions were 
particularly dominant and strongly identifiable. 
 For purposes of discussion, higher-level risk themes were used. Political and legal risk 
comments were combined resulting to 295 before and after risk comments or (P=295). The themes 
of the political risks included: 
• Illegitimacy of ASM. 
• Difficulty of acquiring consent from large scale mines. 
• Government support (i.e. extension services). 
• Devolved local government power. 
• Competition against existing businesses in ASM (facilities, chemical suppliers, etc). 
• Stakeholder attitudes (i.e. conflict of interest, selfish interests, personal interests). 
• Stakeholder relationships (i.e. inclusiveness, no early engagement). 
• Black market. 
• Change of government. 
• Fallible political decisions (i.e. corruption, extortion). 
• Insurgence. 
• Lack of ASM monitoring. 
• Mercury ban. 
• Permit issuance and acquisition. 
• Procedural and paperwork delays. 
• Security. 
• Site selection. 
• Underreporting. 
• Weak enforcement. 
 118 
 As shown in the spider plots, most government representatives see the illegitimacy of ASM as 
one of the most significant political-after risks that can affect the successful implementation of the 
new technology. The intensity of this political risk was reinforced by LGA-018 who expressed the 
intention of closing down illegal ASM tunnels. This is a threat to the implementation of the new 
technology because when this occurs there will be a shortage of raw material to feed the new 
technology.  
LGA-018: 
(Verbatim) With regards to the new technology, we will close down your milling plant once you 
operate copper. The cease or desist order (CDO) which I am now writing is to close down the ASM 
tunnels in Cabadbaran area which is the research area of the project. What good is a safe 
technology if the source of ore material is illegal? A mineral processing plant is acceptable 
provided that the source is legal. 
NG-006: 
(Verbatim) First we don’t issue FPIC (Free Prior Indigenous Consent) for now to the areas outside 
the minahang bayan. The process will not follow through. Otherwise, we might be involving the 
commission (government agency) as an accessory to the crime, because that (illegal issuance) is a 
crime. Despite the fact that what you are proposing would be good alternative ways of, or becoming 
the processed gold, still you are required to have FPIC. 
 The illegitimacy of ASM along with the elusive consent from mining companies can be a 
negative risk of very limited sources of ore material for the technology to process which 
consequently impairs the business practicality of the new technology. In addition, the copper 
mineral which typically co-exists in complex Philippine gold ores especially in Provinces 1 and 2 is 
recoverable using the technology process. The potential of copper recovery along with gold in using 
the new technology could significantly increase business viability and enhance project success. 
 Illegitimacy of ASM has been a pervading issue for many years because there are multiple 
barriers in obtaining a license. In the Philippines, becoming a legal ASM operation is a seemingly 
impossible task. T-009 is a mining engineer in a regulatory agency but has been an experienced 
technical personnel assigned to ASM operations for many years. He explains that statistics show 
that a large number of AS miners have illegal standing with government. In his region of 
jurisdiction where Agusan del Norte (Province 2) is one of its provinces, 88% of ASM are 
considered illegal by the regional MGB. One of the factors is the bureaucratic licensing process for 
ASM consists of a procedural requirement which includes requesting consent from large scale 
mining companies. As LGA-018, who is a local government agency regulator, explains it is a rare 
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case for large scale mining companies to give consent to the ASM which makes the licensing 
process more difficult and delayed for ASM. 
T-009: 
(Translation) If you see from this data [participant showing data to researcher], 88% of the miners 
engaged in ASM are not regulated. See, I have compiled all this to show the gold rush areas that 
our department has already identified and most are in the CARAGA region. However, only two are 
officially declared as minahang bayan (legal ASM operation). The problem is that large scale 
mining [companies] are not providing their [consent, which is an essential part of the] procedural 
requirements. Before the ASM operation and location is declared a minahang bayan, ASM should 
ask clearance from the relevant large scale mining company in the area.  
LGA-018: 
(Verbatim) One requirement for the application of legal permit by the miners in ASM is the consent 
from the large scale. Normally, the large scale mines do not issue this consent so that’s where the 
problem starts. In addition, the declaration of the minahang bayan added more requirements for 
the AS miners to comply with which makes it even harder for them to be legalised. 
 As a consequence, all existing ASM operations in the Philippines are considered “illegal” 
according to Philippine law. NG-006, who is a national government representative, had a much 
broader view of illegitimacy of ASM on a national scale in his statement following. 
NG-006:  
(Verbatim) [These are the] minahang bayan and these are all located in Mindanao. Meaning to 
say, all small-scale mining outside of these three areas are illegal. So in order to legalise this, 
areas that are susceptible or that can be mined by small-scale miners shall be declared as 
minahang bayan muna. 
GL: 
(Verbatim) So sir, [yung mga] ongoing small-scale operations [sa Luzon] at Visayas, sir, illegal? 
NG-006: 
(Verbatim) Illegal. Yes. 
 The risk themes were found to be not mutually exclusive, rather they are interrelated. ASB-
009, who is an AS miner from Benguet (Province 1), explains that illegitimacy in ASM became a 
barrier to access support services needed by a vulnerable population such as the ASM communities. 
The legalisation issues in ASM has then become a “legal” excuse for government not to provide the 
adequate support needed in ASM communities. Since legalisation accolades have been going on for 
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the last 10 years or so, the absence of adequate and appropriate support compelled AS miners to 
rely on financiers for support. 
ASB-009: 
(Verbatim) There are still a lot of legalisation issues that we have to deal with now and because of 
this we need to rely on financiers. If not with the financiers, where would we get funding during the 
downtime parts of our small operations?  
 However, not all stakeholders perceive the presence of financiers as the AS miners do. Most 
national level government representatives and regulators view ASM as no more than a capitalist 
business venture by financiers. Therefore, AS miners are simply hired workers who are paid more 
than an average labourer elsewhere in the country.  
NG-005: 
(Translation) As I often say, if [the ASM interventions] can all be implemented and there are no 
troublesome small scale [miners], then we will not have a problem. Those small scale miners, such 
workers, they are just workers just like “factory workers.” You go to Diwalwal, maybe more than 
50% are workers. They may have been paid more than the labourers in Metro Manila or anywhere 
else, but still, they are just (inaudible) workers...only very few become rich in ASM and they are the 
financiers. 
 This is a counterargument to ASB-009 statement of government’s neglect to a vulnerable 
ASM population. NG-005 states that one source of the problem is that miners simply do not abide 
by the rules. NG-005 says that on the government’s behalf they have been providing the help but it 
is the ASM that is not complying. Furthermore, NG-006 represents the national government 
perception that ASM is not a livelihood but a business-oriented operation where the miners are 
simply controlled by businessmen who want to get rich quick.  
 Furthermore, technical experts, local government representatives and advocate groups 
recognise that the authority of the local government in provinces is a critical factor in Philippine 
ASM. In fact, much power is given to the governor (highest authority in the province) in 
administrative processes relating to permits and other regulatory issues relating to ASM.  
T-008: 
(Translation) Really, the regulatory that has jurisdiction over the small scale miners and operators 
are the local government, so the actions and role of the [regulatory] regional office is simply 
assisting the local government. But majority no permits, [is subject to the approval of the] 
governor. 
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 In Philippine ASM, local government appears to have a more significant effect than the 
national government. As far as the technology implementation is concerned, the powerful devolved 
authority of local government can become a success factor or impaired factor. LGA-016 and S-003 
both perceive the devolved function of local government units (LGU) as a positive risk to the 
implementation of the new technology. 
LGA-016: 
(Verbatim) Partnering with the local government helps overcome the issues around the illegal 
nature of ASM. Because [coming from the regulator perspective] it could have been easier if they 
were registered. But they have been applying, they submitted all their documents for the past three 
years, nothing has happened yet, in terms of application. 
S-003: 
(Translation) The good thing about LGU, to be honest, is that ASM communities are their voters. So 
we have to understand the political implications. Then, they are also the frontline organisations 
because there are many devolved agencies. So in my opinion, LGU should be the premiere in terms 
of stakeholdership [of the new technology]. But the primary issue thrown at LGU is really 
regulation. Right now if you look at the [Philippine] mining industry, there is a serious conflict 
between large scale [mining companies] and ASM. For the large scale, there are cases where it is 
being approved in the national level but they are not able to enter the province because there are 
local policies that stop them. So from this we understand that there are concerns. 
 Positive stakeholder relationships can become strengths and opportunities. Stakeholder 
relationships have been noted as intangible assets that when strategically deployed, can become a 
sustainable competitive advantage (Sen et al. 2006) for the organisation. Where relationships are 
positive, stakeholders can commit resources, including personal resources like time, money and 
labour, to the benefit of the cause. Similar benefits were reported in the interviews especially when 
the stakeholders understand their respective role in the relationship in order to achieve the 
objectives. Positive political-after risks of stakeholder relationships are identified in the following 
interview responses by T-002 and T-004.  
 A positive stakeholder relationship is viewed to be an enabler for the project to be successful 
as stated explicitly by T-002. This has been recognised that the stakeholders have to formally 
commit and sign for their respective roles. A memorandum of understanding specifies the roles of 
each stakeholder which makes it legally binding. Similarly, T-004 describes the positive 
relationship between the team of engineers and the regional government agency of the DOST. The 
regional DOST looks after the funding and other incidentals relating to the semi-automated 
technology’s on-site initiation, bidding, construction and development. T-002 and T-004 are both 
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engineers who work for the technology providers. The regions they come from are not disclosed to 
protect their anonymity. 
T-002: 
(Verbatim) And of course [the] association of small scale miners in the area which is composed of 
eight barangays I believe. I think there are four who plan to form cooperatives because before they 
can sign such memorandum there has to be a legal entity so part of the… before letting them sign to 
the memorandum of understanding they have to be registered to the Department of Labour and 
Employment, even Securities and Exchange Commission to be recognised group of the government. 
And those are the parties, so each party has a critical role, actually there a lot of roles for each 
stakeholder for the project to be successful. 
T-004: 
(Verbatim) Well I think it's nice how we are received by DOST.  They are very supportive in our 
endeavour and they can see the fruits of this project. DOST is concerned in using the budget wisely 
and [other factors regarding] the business side.  
 At the opposite end of its polarised effect, stakeholder relationships can be negative. The 
negative effect to the project implementation success can be due to mismatched risk perceptions 
brought about by the lack of early engagement. This can produce conflict and disagreements among 
stakeholders. Descriptions of the negative effect of stakeholder relationships were captured in the 
two interview transcripts of participants from the technical group, namely T-008 and T-001.  
T-008: 
(Translation) They [the technology providers], spearheaded this [technology]. I don’t have an idea 
if they reached out to us [Bureau of Mines or MGB]. The Bureau of Mines, we’re asked to, not 
critique but to determine the viability of the project. The way I understood it, the role of MGB is to 
encourage working together and ask - what can we do? But I don’t have an idea whether something 
like that took place. The way I see it. 
 T-008 was a technical expert working for the regulating agency. He reveals that there was no 
early engagement which should have been necessary to open a channel of communication. 
However, a technical expert from the technology provider group, T-001, commented that efforts 
had been made to communicate and obtain support from government agencies from the start. 
Although getting no support at the early stage of the project, the technology providers still look 
forward to working with government, perhaps, after the introduction when ASM is “already using 
the technology and harvesting the benefits of the technology”. 
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T-001: 
(Verbatim) So as technology developers, and we are implementing it already, we are implementing 
it and operationalization already is on our part, we cannot afford people contradicting our 
objectives. These people, government agencies [should have the] objective of helping. But because 
we are the developers, and they might not be, they should support us. Instead of contradicting us, 
they should support us. Like that. It's supposed to be like that. Like the Bureau of Mines, EMB 
(Environmental Management Bureau), NCIP (National Commission on Indigenous Peoples, and 
DENR (Department of Environment and Natural Resources) in general. So they should already 
support. Those are the risk on the part of the developers. But this will take time. Probably we can 
get the support once the small scale [is] already using the technology and harvesting the benefits of 
the technology. That's the time [they would probably come in]. That's their [probably], indicator. 
 In Figures 28 and 29, there is a significant gap between the before and after political risk 
comments by the technical group and the government group, respectively. This was not evident in 
the advocate group and the AS miners. The political risk theme associated to this gap is the 
competition against existing businesses. T-008 states that, in order to achieve successful 
implementation of the technology, politically strong enforcement should be applied. Competing 
businesses should be shut down and an “iron hand” should be applied by the government to enforce 
the use of the new technology.  
T-008: 
(Translation) [To make the technology implementation successful], all suppliers and miners should 
be monitored so not all will be able to process their gold especially when the miners still choose to 
use the old methods. If you are not a legitimate miner, your ore will not be processed. The mining 
tunnels should also be monitored which includes mandatory documentation of the volume of gold 
ore being mined. In doing so, the competition with those miners using mercury and cyanide [those 
refusing to accept the new technology] will be avoided.  
T-007: 
(Verbatim) All technology even ballpen will take time to be adopted. Because people will not 
prioritise environment, their concern will really be urgent basic needs of food. Unless you force 
them to adopt. Ban all mercury, external ball mill, competitor cyanidation plant, then you will have 
artificial adoption. Because you have to consider that these people already have relationship with 
their custom millers through time..[..].. And what sustains that relationship is that you send your 
ore to his facility. (Gold processing facilities constitute a market place, an industry where 
competition among themselves for the ores of the AS miners are targeted.) There are also cases 
where they bring the ore for one “trip” that costs 30,000Php but then there was no gold. So the 
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custom miller will say, okay you don’t have to pay now cause you don’t have anything to pay me but 
have your ore here next time so you can pay me. Or if you really get just 5 grams. There’s nothing 
anyone can do, until your debt goes three times which is 90,000Php.  
5.2.5 Social Risks 
The semi-quantitative analysis of interviews found that for the social category, similar to the 
political category, a very wide range of risk comments were made and none were particularly 
dominant or strongly identifiable. The mismatch in stakeholder perceptions is too random and 
diverse and there is not really a trend to follow. There was no identifiable common thread from the 
social risk comments of the stakeholders. The social risk comments were important but were very 
random and distinct per stakeholder group as shown below. This would be good for future in-depth 
qualitative analysis but not for this mixed methods methodology. 
• Easy admission to work [Social-before; AS miners]. 
• Cooperative-set-up in ASM provides structure and organisation [social-after; Technical 
group]. 
• People are poor and they need help with how to connect with technology? Or before 
introduction? Is the technology going to change that? [AS miners social-before; Advocate]. 
• Rivalry among barangays in each of the provinces for access, benefits, etc, during the 
introduction of the technology  
• High ore requirement will cause social disruption [social-after]. 
 
 Advocate groups do not see any change in issues as far as social risks are concerned as shown 
in the closed gap in Figure 30. S-001 for example said that the new technology does not directly 
address social issues in ASM, however, there are risks from the communities towards the 
technology. To make matters worse, there are new social negative risks that the new technology can 
potentially introduce to the communities along with its implementation. It was identified that 
organisational issues and decision-making can be influenced by personal and selfish interests. S-001 
claims that in any organisation this cannot be avoided but there should be a way to manage it. 
S-001: 
(Verbatim) That’s another problem, how do you teach them that this is what you should do when 
there is malfunction? Ownership I think that’s going to be a problem… It’s a [processing] plant so 
if there is someone with a bad intention then there might be a struggle and there will conflict in the 
community so in a way you are introducing some sort of problem with who should be the owner [of 
the new technology], who should run it…so although that’s governance [issue] but it could be a 
problem and there should be ways of trying to pre-empt these type of problems. 
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 The social-before risk comments of advocate groups seem to be aware of the social 
hierarchical structures that already exist in ASM prior to the implementation of the new technology. 
However, their social-after comments reflect that the implementation of the technology may 
exacerbate the issue if not managed accordingly. 
S-002: 
(Translation) Especially in the case of Benguet, its brightly [obviously] showing that the threat is if 
the project succeeds and then it is turned over to the federation, how will be the sharing of benefits? 
There might be just one person or one group who will take advantage. So how will the original goal 
of the project of making everyone in the whole community benefit be realised? So you just created a 
new elite… So that’s where the people are threatened with regards to this project. 
 The majority of the social-after comments from the advocate groups were negative in nature. 
It were either referring to exacerbating an existing social hierarchical structure or “intensifying” 
conflict within a traditional social system in ASM. SB-006 for example, felt strongly about how the 
10 metric tonne requirement of the new technology negatively impact the miners’ production 
capacity. 
SB-006: 
(Verbatim) Because here [new technology], you are forcing the miners to produce every day, to 
burrow holes and make tunnels one after another. If you do this, you will now intensify the conflict 
within the community. Why do you intensify? Because this is such a big thing that you cannot mess 
around. Whereas, before it only takes several kilos then, now 10 metric tonnes? Then daily? 
 On the other hand, the miners have almost a completely opposite and positive view of the 
potential impacts of the new technology to their communities. For example, ASA-410 shares that 
the new technology enhances individual earning capacity in spite of diversity within the population. 
The miners believe that the new technology can cater to the different demographics of people. 
ASA-410: 
(Translation) There would be jobs for everyone. For those who have experience in mining then they 
would be given an opportunity. Then those who don’t have any experience in mining then they can 
still find something to do or a job in the plant. Then they can improve from there when they start 
learning. 
 The miners look forward to what they can learn through the technology and how they can up-
skill themselves to be better at their craft. 
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ASA-413: 
(Translation) If there is a new technology then that is even better because it is not taking away your 
knowledge. In fact, it adds to your existing knowledge. 
 There is also a mismatch of perceptions between the miners and the advocate groups in terms 
of social hierarchical structures. The miners have mostly positive social-before comments about 
their existing system of having a “boss” that leads them and understands their needs ASB-004, for 
example, shares his experience where his boss allows him to go to a another groups tunnel for him 
to work there and earn some income while his boss’s tunnel is getting low grade ores and not 
getting any profit. The miners found the flexibility of such a social system compatible with the 
seasonal profit and loss which is natural to the mining industry. “Sagaok” is the native term in 
Benguet ASM where miners are allowed to mine in another group’s tunnel as a form of community 
help and support within ASM. 
ASB-004: 
(Translation) It really depends because our boss would tell us to go to the other mine tunnel of 
another group for Sagaok. [the boss would say] you go get some income on the other group for 
now. 
 Local government, national government and technical experts are divided in their risk 
perceptions for the Social risk category. Local government representatives gave more emphatic and 
context-specific comments than national government. For example, LGA-017 shared an optimistic 
and definite response on how the socio-economic conditions in the communities can be improved 
through the technology implementation. A similar positive risk comment was shared by LGB-012 
but focused more on improving women’s involvement.   
LGA-017: 
(Verbatim) Improvement of socio-economic conditions in the communities. Like in the increase in 
gold recovery, because for now it is about 45%, so the technology claims a 90% increase in gold 
recovery. 
LGB-012: 
(Translation) Taking into consideration that in this small scale it is a family enterprise that involves 
women, father and children… it is now much more likely that women can be involved because of the 
non-toxic [nature of the new technology] unlike when toxic [mercury] was still being used that if 
only we can say to the “unhealthy” not to come to our area.  
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 The sharp contrast between national and local government is exemplified in NG-002’s social 
risk comment. Social risk comments from the national government looks at ASM as a hopeless 
scenario and whenever possible they try to keep a safe distance away from their issues. They find it 
too complex and most of the social risk comments involve delegating these social risks to the local 
government or NGO’s.  
NG-002: 
(Translation) In their [ASM] livelihood, if they don’t get buried into what they are digging, they will 
die or are potentially endangered by the use of all this heavy metals, mercury or they are harmed 
because they fighting among themselves and they rival against each other and then it becomes a 
conflict-laden industry or seen as that because the image poster child for that has been combat, 
killing each other. So yeah, from that prism of environmental also vis-à-vis looking at small scale as 
too chaotic, potentially its not only risky or dangerous, its also becoming conflict-laden. 
 A separate lens of perspective was provided by the technical experts as they focused on 
education to help the ASM communities. T-001 shared that as technology providers, they not only 
think that it is all about the technology but they have an education component that complements it. 
He also shared that government agencies do not necessarily share the same vision with them and 
accepts that, gathering from his experience, sharing a common social perspective can take time. 
T-001: 
(Verbatim) So one component of our project is really education. Not only the technology. Teaching 
them how to use the technology properly is the secret. It should come before, during, after. 
Education should be like that. We did that already. We're already starting the educational 
campaign. Still, we still have to continue… So as technology developers, we are implementing it 
and operationalisation already is on our part, we cannot afford people contradicting our objectives. 
These people, government agencies, instead of contradicting us, they should support us. Like that. 
It's supposed to be like that. But this will take time. 
 In summary, the comprehensive identification and analysis of risk comments from the semi-
structured interviews produced insights into the range of risks that matter to each stakeholder group. 
The findings are important because the risks that matter based on stakeholder perceptions should be 
managed to enhance success of the technology implementation process. In order to practically and 
effectively manage the risks, perceived risks should ranked according to priority. Dealing with the 
most important risks first is a strategic way of risk management from a wide range of ASM issues 
identified. Hence, a higher-level analysis of risk perceptions is discussed next in Chapter 6. 
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Chapter 6 – Clustering into Two Macro Groups 
In this chapter, a different set of grouping is applied to re-examines the interview data but with now 
having only two groups, so that a deeper analysis of results can be performed. Despite the mismatch 
of perceptions captured in Chapter 5, strongly identifiable themes allow certain groups to be 
clustered together. Findings from Chapter 5 indicated that the AS miners differed in risk 
perceptions from the other three stakeholder groups. A similar pattern was also observed in the 
political risk category where AS miners have the significantly least risk comments than the other 3 
groups. These findings suggest that the stakeholders can be grouped into two groups ASM miners 
and Non-ASM which is comprised of the other three stakeholder groups, technical experts, 
government representatives and advocate groups. Furthermore, AS miners group is examined more 
deeply by breaking it down according to province as shown in Section 6.2. 
 Section 6.3 uses statistical tools to validate clustering. Quantitative survey results are used to 
confirm or contradict the findings from the interview results. In the survey method, unlike the 
interview method, HSEEST were used as categories. In this way, HSE is broken down into three 
separate categories of Health, Safety and Environmental, in order to differentiate stakeholder 
perceptions across these three closely interlinked but importantly distinct categories.  
6.1 Analysis of Interview Data using Clustered Groups 
This stage of the analysis aims to gather further empirical evidence and more insights from the 
interview data. Noting differences between positive and negative risk perceptions are important as 
these can potentially affect the effective implementation of the semi-automated gold processing 
technology. From Chapter 5 risk comments, it was evident that stakeholder perceptions especially 
among miners do not necessarily have a scientific basis (i.e., safety increases with religious 
measures).  
 The results in this section demonstrate the process of managing these different risk 
perceptions in order to achieve the objective. In this study, it is the successful implementation of the 
technology by promoting acceptance and adoption in ASM communities while obtaining support 
from pertinent stakeholders. Hence, the next level of investigation should delve further into the 
enablers and barriers which are also defined as positive and negative risks, respectively (AS/NZS 
ISO 31000:2009).  
 This data was produced from the same interview data which the spider plots in Chapter 5 
were based on. The difference is that instead of comparing the overall number of risks per category, 
the enablers (positive risks) and the barriers (negative risks) are examined and compared across the 
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PHEST categories. The change in the positive and negative risk comments between before and after 
implementation and, to examine any sources of mismatch patterns between the two clustered 
groups. Figures 31, 32 and 33 are best understood when viewed together. The data is presented such 
that 100% is equivalent to the total number of comments of 2,140, 1,571 and 569 for Figures 31, 32 
and 33, respectively. Noting from Chapter 5 that the political risk and social risk categories have a 
wide range of diverse risks lacking a common thread, the following sub-sections will focus on HSE, 
economic and technological risk categories. 
 
 
Figure 31: All stakeholders’ positive (Green) and negative (Red) risk comments mapped onto 
PHEST framework 
 
Figure 32: Clustered Non-ASM group’s positive (Green) and negative (Red) risk comments mapped 
onto PHEST framework 
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Figure 33: Clustered ASM group’s positive (Green) and negative (Red) risk comments mapped onto 
PHEST framework 
 
6.1.1 Health, Safety and Environmental Risks 
The decrease of negative-HSE risk comments from before to after for both the ASM and non-ASM 
groups indicate that the reduction of the harmful mercury impacts is recognised by both groups. 
However, there is a mismatch between the two groups when it comes to positive-HSE risk 
comments. Positive-HSE risk comments increased for non-ASM groups while positive-HSE risk 
comments decreased for ASM groups.  
 When asked about the measures, controls or practices that keep them safe in the workplace, 
the AS miners claim that it is their motivation and willpower to stay alive that keeps them safe. This 
motivation keeps them alert amidst safety hazards and threats. For example, ASB-003 claims in the 
following that he has a strong belief that safety depends on the person and his ability to train 
himself to withstand unfavourable conditions in the workplace. With hardly any PPE, the miners 
believe that their safety culture in the workplace is positive and sufficient for them as long as they 
are motivated and alert.  
ASB-003: 
(Translation) Then you have to estimate your body if you can still do work, usually you will get a 
headache and you will base your judgement on the severity of your headache. You can train 
yourself to be able to stay longer periods [at work]. 
 131 
 In addition, the miners claim that their familiarity of the workplace environment helps them. 
For first-timers who are not familiar with the place, they normally have an experienced foreman 
who guides them. ASB-004 shared that what keeps him motivated is his family. He shares that 
getting injured or killed in the workplace is not an option for him. He is cautious at all times. 
ASB-004: 
(Translation) I was never in an accident because I am really very careful because I have a wife, 
who will provide for my family if I get seriously injured. 
 Meanwhile when the positive-HSE risk comments of non-ASM was further examined, it was 
found that most were referring to the environment rather than workplace health and safety. Their 
comments were more generic when it comes to health and safety. This finding is exemplified by 
LGA-020 in his comment following: 
LGA-020: 
(Translation) Yes of course [this new technology will highly benefit HSE] because I can see that 
there is a definite reduction in the harm to people, harm to animals, harm to agriculture. Because if 
there are no chemicals used, then there is no exposure to sickness. That’s the way it is. 
 The non-ASM group have little mention, at 1.5%, of any positive risk comments in the 
existing ASM working conditions as illustrated in Figure 32. Whereas for the miners, although they 
have positive-HSE-after risk comments at 5.4% about the technology implementation, they believe 
that their existing safety culture is sufficient to keep them safe in the workplace as indicated by a 
higher percentage of positive-HSE-before risk comments at 13.2% as shown in Figure 33. This is a 
primary finding of mismatched perceptions between the two clustered groups. 
 There were hardly any negative HSE-after risk comments about the new technology with 
considerably low risk comments at 0.2% as per Figure 33 because the miners trust that competent 
engineers designed the new technology therefore it is expected to perform safely. The miners 
believed that the gold processing workplace is not as dangerous as the underground operations. 
SSB-003:  
(Translation) That’s already a complete gold processing plant. There are hardly any hazards to a 
processing plant when compared to the hazards involved in the transport of ore from underground. 
6.1.2 Economic Risks 
The greatest amount of mismatch of perceptions between the two groups was in the economic risk 
category. Positive-economic risk comments increased for non-ASM from 3% to 4.3% which is 
opposite to the decreasing trend of positive-economic risk comments in ASM from 5.6% to 3%. 
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Negative-economic risk comments from non-ASM group slightly decreased 2.5% to 2.2% while for 
the ASM group, it decreased significantly from 4% to 0.7%. 
 The increase in positive-economic-risk comments among non-ASM illustrate their confidence 
that if the new technology will work as intended then the implementation will be very economically 
favourable to AS miners. This is exemplified in LGB-011’s comment in the following where he 
says that the positive economic benefit of the new technology to ASM is quantifiable using the ROI 
(return on investment). 
LGB-011: 
(Verbatim) Very favourable [to AS miners], because their ROI for every investment, say even there 
is ten… with the new technology being introduced now, they are very much better off because there 
is a bigger ROI, a shorter ROI. 
 Meanwhile, the ASM groups decrease of positive-economic risk comments do not necessarily 
mean that they do not see the economically favourable conditions that the new technology offers to 
them. The miners shared that their existing gold processing methods are better compared to their 
other exiting sources of income (i.e., farming, service jobs, etc). With the new technology, the 
miners struggled to see the economic potential the way non-ASM groups perceive it. The ASM 
group, unlike the non-ASM, have not mentioned forecasting tools and techniques like ROI. For 
them, they claimed that they live in the moment and they look forward to the day that the new 
technology delivers the results and that they can see the actual gold produced. Until then, miners 
like ASA-306, will have limited appreciation of the economic improvement caused by the new 
technology. 
ASA-306: 
(Translation) It depends on the result of the new gold processing technology. If the technology 
works without chemical use, according to its gold recovery claims. Prove technical efficiency. 
 However, the ASM group have a significant reduction of negative Economic risk comments 
after the implementation of the technology. This is due to the miners’ claims that their existing gold 
processing methods are expensive for them. The operating costs are high because the chemicals 
they use, mercury and cyanide, is very expensive for them. The cost of chemicals is exacerbated by 
its limited supply in the market because of it illegitimate nature. ASC-003 outlined all the expenses 
he has to pay to keep his existing gold processing plant operating, which uses mercury and cyanide.  
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ASC-003: 
(Translation) Yes we have a lot of expenses [existing technology], in chemicals we spend Php15,000 
(A$375) or Php12,000 (A$300) for one can of cyanide. In the cyanidation plant, we also pay for 
electricity costs and labour expenses. Those things hopefully would be addressed [in the new 
technology]. Before the ball mill equipment we have operates for eight hours and its not even good 
grinding and the drum easily gets hole on it shell. Php20,000 (A$500) is the cost of this type of 
drum. 
 ASC-003 also added that the cost of frequently replacing their ball mill equipment for 
grinding the gold ore is expensive for them. The type of ball mill equipment they use is a liner-free, 
shell-only design that is used for batch-type processing. The new technology introduces a 
continuous-type ball mill equipment with liners which will not have the same problem. In addition, 
the miners complained that they pay high electricity consumption rates for running a few ball mill 
equipment that run for a longer time (eight hours grinding). Some of the miners who have worked 
previously in large mining companies have realised that the current design of their grinding circuit 
is not cost-effective. 
6.1.3 Technological Risks 
The percentage of technological risk comments from the ASM group did not change dramatically 
when compared to the non-ASM group. For the latter, positive-technological risks increased from 
5.1% to 8.3% while negative-technological risks also increased from 4.2% to 7.6%.  
 A technological-after risk found to be a common theme among non-ASM groups was the 
issue of sufficient or insufficient ore supply to the technology. 
LGA-016: 
(Translation) And I think what is very critical is the supply of raw materials, the ore. Because it 
takes around 15 tonnes a day so that’s quite a lot. So if you will not come up with 15 tonnes a day, 
so the operation of the technology will fail. 
LGA-022: 
(Translation) Our initial understanding was that we can process waste material [re-processing of 
waste ore] then they said [it needs to only be] fresh ore… Our gold deposit here is referred to as 
“sinambag” sometimes it grows bigger, sometimes it shrinks but the gold assay is high. But we 
hope that not only fresh ore will be allowed to feed into the new technology. I hope that the waste 
ore from the rod mill will also be allowed because we did not use mercury anyway.  
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 For technological risks, both before and after, the positive (green) and negative (red) risk 
comments are almost equal in magnitude. Among technical experts, there were those who were not 
part of the technology providers team. They were able to give expert criticisms that give a balance 
of perspectives. TA-007 who is a metallurgical engineer in Agusan del Norte claims that the new 
technology is not applicable to ASM due to its high feed requirement. He has been working with 
AS miners as part of his work and he claims that there are considerable negative-technological risks 
which he outlined in the following. 
TA-007: 
(Verbatim) The real artisanal mining communities are those in places where a motorcycle cannot 
even pass through. The ASM in Concepcion and Del Pilar [Agusan del Norte, Province 2] are 
special cases. The limitation of the new technology is that it is difficult to pull off in ASM 
communities because in ASM, you are lucky to have two sacks of ore in a day. They put up “ball 
mill” here but it is in fact, rod mill. Ball mill is not suitable here, but the new technology plant used 
ball mill, it won’t work. Ball mill will not work without liner, so why will I agree when I know that 
my gold will stick to the liner. That’s why the miners use rod mill here smooth internal surface of 
the shell… [If I am the miner] Why will I let my most precious ore go through hydrocyclone? I 
don’t want build-up of retained values/accumulation in the equipment. Less equipment in the 
circuit, the better.  
 However, a local government official in Agusan del Norte contradicts TA-007s statement. 
The local government official is confident that the ore supply will be sufficient. This mismatch is 
observed in one province, Province 2, and is illustrated by the almost equal divided split of positive 
and negative technological-after comments for the non-ASM group in Figure 32. 
LGA-022: 
(Translation) In terms of ore feed supply, the feed [for the new technology] will be sustained since 
its a consortium of eight barangays. 
 Even among the miners, there were divisions as to whether the ore supply is a problem 
(negative) or a strength (positive). ASC-007 stated that as long as they are provided with a dump 
truck for transport then they will bring out the sacks of ore from underground. ASC-001 indicated 
that as long as there is support from a financier to pay for the costs underground then feed 
production target is attainable. ASC-007 and ASC-001 are miners from Compostela Valley, 
Province 3. 
ASC-007: 
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(Translation) The AS miners will all agree on that [feed production target] as long as they provide 
the dump truck to transport the ore to the new technology. 
ASC-001: 
(Translation) That 10 tonnes per day target, it is attainable but the problem is who will be the 
financier?  
 Whereas ASA-101, who is a miner from Agusan del Norte, claims that in their ASM 
community, daily production of gold ore to meet the feed requirement of the new technology is not 
practicable. But it was not clear whether he meant the production by one miner or a group of 
miners.  
ASA-101: 
(Translation) If here in Pirada, a daily feed production target of that much is not attainable for us.  
6.1.4 Statistical Analysis for Clustered Groups 
The major focus in this part of the analysis is to assess the significance of the change in risk profiles 
representing the number of comments, within the whole population, within Non-ASM group and 
within ASM group using statistical analysis. The statistical tests used was non-parametric test which 
is appropriate in this case because the distributions were non-normal. Specifically, the Wilcoxon 
signed-ranked test was used to determine the significance of any differences in positive and 
negative perceptions when comparing the two different stakeholder groups. The results are shown 
next in Table 8. 
 Table 8 shows a gradient-coloured spectrum consisting of risk patterns for each positive and 
negative pair per PHEST category. Each risk pattern is denoted by the Wilcoxon signed-rank test 
statistic, T and the p-value (2-tailed asymptotic significance). An alpha level of 0.05 was used as a 
significance criterion for tests. The only PHEST category where the change between negative 
before-after comments were significantly different for both ASM (p<0.001) and non-ASM 
(p<0.001) groups was H – representing Health, Safety and Environmental. 
 The results show that the most significant difference between the before-after risk comments 
is in the Health, safety and environment (H) category of risks as highlighted in dark orange. This is 
the case when considering all stakeholder groups, only considering non-ASM group, and only 
considering ASM group. The next most significant differences were found with Political (P) 
generally for all stakeholder groups and Economic (E) for the ASM group as highlighted in medium 
orange.  
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Table 8: Values for Standardised Test Statistic, T 
 
 
 
 
 
 
 
 
 
 
 
 The T statistic reveals the amount of decrease or increase that is most significant. The amount 
of decrease or increase is indicative of two cases. First, the amount of difference can indicate that 
the technology implementation has the most perceived effects (e.g., negative HSE-before) in that 
category. For example, in the case of column H (-), all stakeholders agree that the negative HSE 
risks will be significantly reduced after the new technology implementation. Second case, the 
amount of decrease can also indicate that there are few perceived effects in a certain set of issues. 
For example, ASM group have a low T value of 0.115 which suggests that the AS miners have 
almost similar number of positive risk comments about the new technology and their existing 
methods in terms of performance and efficiency. This is indicative of fewer positive risk comments 
by the AS miners about the new technology due to lack of familiarity to the new technology 
process. This consistently reflects some of the miners’ difficulty to comprehend that there is a 
possible way of recovering gold other than mercury and cyanide. In both of these cases, the method 
not only highlights the most frequent risk comments, but also highlights the least frequent risk 
comments. 
6.2 Deeper Analysis with the AS Miners using Spider Plots 
Since it has been established that the AS miners are significantly different from other stakeholder 
groups, it is worth examining further the similarities or differences within the AS miners group 
whether they are significant or not. Insights will be drawn by breaking down the AS miners macro-
All
(+) (-) (+) (-) (+) (-) (+) (-) (+) (-)
Standardised 
Test Statistic, T
3.571 -0.175 1.441 -6.865 -0.086 -2.486 2.132 0.523 1.713 1.886
Asymp. Sig. (2-
tailed) 0.000 0.861 0.150 0.000 0.931 0.013 0.033 0.601 0.087 0.059
N 78 78 78 78 78 78 78 78 78 78
Non-ASM
(+) (-) (+) (-) (+) (-) (+) (-) (+) (-)
Standardised 
Test Statistic, T
3.818 0.206 4.056 -4.952 1.034 -0.932 3.367 0.335 1.851 2.322
Asymp. Sig. (2-
tailed)
0.000 0.837 0.000 0.000 0.301 0.352 0.001 0.738 0.064 0.020
N 40 40 40 40 40 40 40 40 40 40
ASM
(+) (-) (+) (-) (+) (-) (+) (-) (+) (-)
Standardised 
Test Statistic, T
-1.134 -1.467 -2.837 -4.793 -1.531 -3.175 -2.178 -0.320 0.115 -0.196
Asymp. Sig. (2-
tailed)
0.257 0.142 0.005 0.000 0.126 0.001 0.029 0.749 0.909 0.845
N 38 38 38 38 38 38 38 38 38 38
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T S E H P
P H E S T 
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group into their respective provinces. In doing so, the context per province can be refined if 
necessary. 
 
Figure 34: Province 1 – AS miners before and after comments mapped onto PHEST framework (axis 
is % of total comments, numbers in brackets are counts of comments) 
 
 
Figure 35: Province 2 – AS miners before and after comments mapped onto PHEST framework (axis 
is % of total comments, numbers in brackets are counts of comments) 
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Figure 36: Province 3 – AS miners before and after comments mapped onto PHEST framework (axis 
is % of total comments, numbers in brackets are counts of comments) 
 
 The primary common themes across all three provinces include HSE-before risk comments as 
the highest frequency of mention and largest before-after gap among all PHEST categories. The 
HSE risk gap is 37.7%, 33.1% and 31.2% for Province 1, 2 and 3, respectively.  
 The economic-before risk comments in all three were also significantly high and the before-
after gap within the economic risk category is large as well. The economic risk gap is 6.4%, 6.0% 
and 5.1% for Province 1, 2 and 3, respectively. These trends are consistent in the AS miners spider 
plot in Figure 27 where all three provinces were combined. The observations outlined in Chapter 5 
for the whole AS miners group have now been validated in each of the three provinces represented.  
 However, there are unique features to each province. The outlier behaviour of social risks and 
political risks is again captured at this stage of the analysis. Previously in Chapter 5, it was noted 
that the social and political categories of risk indicated a wide range of diverse opinions and none 
were particularly dominant or strongly identifiable. In the case of the ASM group, as a whole the 
social and political risk gaps were considerably smaller than HSE and economic risk gaps as shown 
in Figure 27. As the spider plot in Figure 27 is broken down into the three provinces it represents, it 
indicates that the social risk comments come mostly from Province 2 while the political risk 
comments come mostly from Province 3. For Province 2, the large social risk gap of 13.9% is 
evident and considerably larger than Province 1 and Province 3 that have 1.5% and 2.2%, 
respectively as shown in Figure 35. For Province 3, the political risk gap is 6.5% which is 
considerably larger than Province 1 and Province 2 that have 0.8% and 0.6%, respectively as shown 
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in Figure 36. In this case, it reinforces the exclusion of these two categories from the risks critical to 
the successful implementation because the risks only affect one group hence the improvement 
would only be experienced by one group. 
 The miners in Province 2 shared that they are more family-oriented and less industrialised 
compared to the miners in Compostela Valley (Province 3).  
ASA-410: 
(Translation) I worked 15 years in Diwalwal [Compostela Valley, Province 3]. The income there 
was really good. The income here [Agusan del Norte, Province 2] is small. We mine for the survival 
of our families. I did not stay in there [Compostela Valley] any longer with my family because the 
area is chaotic. 
 The miners in Province 3 claimed that political corruption is a problem in their ASM 
community. This is exemplified by ASC-007 in the following comment.  
ASC-007: 
(Translation) There was only one tunnel which the government tried to close. We will comply if they 
want to close down our operations if they can provide us with alternative. But there is no 
alternative. They told us to relocate to Mabatas area but there were no houses there. The 
government here do their own thing and find a way for themselves to engage in ASM so they can 
profit. Even our local taxes we pay here don’t reach the national level because it is locally 
corrupted. 
6.3 Quantitative Validation of Clustering 
To validate the similarity among the technical, government and advocate groups emerging from the 
interview method data, the same insight is tested on an independent set of survey data. In this 
instance the data is tested to determine whether the three groups are similar enough to be clustered 
into one macro-group (non-ASM). The benefit of completing this test is also to look further within 
the government group for how the national and local units interact. Thus, Technical=8, National 
government=6, Local government=8, and Advocate group=5. 
 The forced-ranking survey is the second method of data collection from the same sample of 
respondents in the interview method. The difference in sample size, interview method (N=78) and 
survey method (N=50) indicates that only two out of three project locations are represented in the 
survey and that not all interviewees answered the survey has been explained (see Chapter 3 
Methodology for details). The survey method produced a ranked data set which is distinct from the 
categorical data set of the interviews. This distinction is favourable for triangulation of data “to 
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ensure that the variance is reflected of the trait and not the method” (Campbell and Fiske 1959) and 
to “enhance the belief that the results are valid and not a methodological artefact” (Bouchard 1976, 
p. 268). The trait here is the insight that the technical, government and advocate groups are similar 
to each other, but together they are different from the AS miners. To validate their similarity, their 
significant differences are tested and determined using the Kruskal-Wallis Test. In this test, the 
government group is further broken down to national and local groups to observe the relationship. 
The results of the Kruskal-Wallis Test are shown in Figures 37 and 38. 
 
 
Figure 37: Relative Importance from survey results based on HSEEST analysis 
 
 Figures 37 and 38 show the empirical findings as to whether the four groups (namely, 
technical, national government, local government and advocate groups) are similar enough to be 
clustered in to one group. Doing so can make the analysis more effective in extracting the enablers 
and barriers without getting entangled by the complexity of the interactions. According to the 
Kruskal Wallis test, there were no significant differences found across the four groups except from 
the relative intervention priority perspective in terms of social impacts. The groups show polarised 
views as revealed in Figure 38. Again, AS miners were not included here because their difference 
has already been tested. The objective was to check the validity of combining the subgroups and 
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how within a tight space they really interact before combining them. Also given the number of 
samples per group, adding the ASM group would only increase the variation making the findings 
less meaningful. The analysis of the survey data using descriptive statistics validates that 
assumption, the AS miners have a very significantly different risk profile compared to the rest of 
the stakeholders. 
 
 
Figure 38: Relative Intervention Priority from survey results based on HSEEST analysis 
 
6.4 Quantitative Analysis of Survey Data (Two Stakeholder groups-
HSEEST) 
As discussed earlier, the analysis of the survey data was also used to validate the similarity among 
the technical, government, and advocate groups emerging from the interview method data. The 
survey was done primarily to get participants to rank “importance” of different risk factors – this 
was to get further insights into the things that matter to them. The interesting finding from this was 
the difference between the survey data and the interview analysis. One identified difference is that 
the things that people talk most about are not necessarily the things that matter most to them.  
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 Figures 39 and 40 show further examination of the survey data by comparing the non-ASM 
and ASM groups. The comparison was conducted using box plots where the measure of the central 
tendency is in terms of the median. The “boxes” display the measure of the spread or how dispersed 
the data from the median which is the supposed middle of the survey data sets. The independent 
variables are the non-ASM groups and ASM group and the dependent variables are the HSEEST 
categories. The analysis tests allow us to compare each individual box in terms of stakeholder group 
and in terms of the HSEEST categories. Following the assessment process performed by Fischoff et 
al. 1978, each risk was evaluated using a 7-point rating scale, on nine dimensions which have 
emerged from an analysis of the acceptability of risks. 
 In descriptive statistics, the H-spreads (boxes) represent the interquartile range (IQR) which 
measures the statistical dispersion of the ratings the stakeholders have given to each category (Field 
2013). The statistical dispersion is equal to the difference between the third and second quartile 
which corresponds to the difference between the upper (dark shade) and lower (light shade) 
quartiles of the data set. The mid-boundary between upper and lower quartiles in the IQR is the 
median which measures the central tendency or the central rating value around which the set of 
rating values have the tendency to cluster around. This was measured to graphically represent the 
dispersion given in each of the PHEST categories by the non-ASM and ASM groups Thus, those 
boxes that are not 2-part (dark and light) means the median is equal to either of the two quartiles or 
the data set is statistically skewed. These statistical dispersion and median measurements are valid 
for the treatment of results in this study since the forced-rating data set is of ordinal type in which 
the values are ranked relative to each other but are not measured absolutely. 
Statistical Analysis 
 The Mann-Whitney test was used to test the differences between the non-ASM group and 
ASM group. For the importance findings in Figure 39, there were no differences found significant 
except for the two categories namely, effects to nearby rivers and natural resources such as the 
forest trees (U= 122.5, Z= -3.735, pvalue<0.05, r= -0.528) and economic gain and profit money 
(U= 128.0, Z=-3.633, pvalue<0.05, r= -0.514). For priority intervention in Figure 40, there were no 
differences between the non-ASM group and ASM group except for one category namely, 
environment (U=177.5, Z=-2.649, pvalue<0.05, r= -0.375). 
 Therefore, it is established at this point that there are differences between the stakeholder 
groups (technical, government, advocate groups and ASM). In the next level of analysis, further 
investigation is conducted to quantify this difference. 
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Figure 39: Quantitative analysis of results from survey data based on HSEEST framework in terms 
of Relative Importance (N=50) 
 
 
Figure 40: Quantitative analysis of results from survey data based on HSEEST framework in terms 
of Relative Intervention Priority (N=50) 
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Chapter 7 – Discussion of Risk Factors Critical to Successful 
Implementation of Mercury-free Technology 
Chapter 4 showed that a mercury-free technology project can potentially improve health and safety 
far beyond simply the elimination of mercury and cyanide. However, Chapter 5 revealed that a 
number and a diversity of risks were considered by stakeholders according to their perceptions 
about the impacts that cleaner technology might have on ASM. This chapter presents the discussion 
of these findings and their implications for technology implementation within the ASM context in 
the Philippines. 
 The chapter begins with a discussion of the results using an aspect of risk management – 
prioritisation – to identify the risks that are most significant to the success of the project based on 
the empirical stakeholder perception data. Although a number of risks are important, prioritising the 
risks highlights the most significant factors that could impact project success. The study was able to 
establish a framework to identify issues across multiple dimensions. Recommendations for 
addressing these risk factors is beyond the scope of this study. 
 The study findings indicate that there are other issues (PHEST) not just HSE that need to be 
addressed in order for the technology implementation to be successful. The implementation of new 
mercury-free technology is a multi-faceted problem but the study was able to identify and prioritise 
the key issues with the critical ones being HSE, and Economic factors followed by Technological 
and Social factors. HSE and Economic factors were found to have the most significant mismatch 
between the risk perceptions held by mining and non-mining stakeholder groups. 
 By adopting a risk-based approach, useful insights are produced into the risk perceptions that 
can influence stakeholder acceptance of cleaner technology within the ASM context. The inclusion 
of these perceptions of stakeholders from a range of diverse backgrounds and expertise is one of the 
strengths of the methodology used in this study as discussed next. 
7.1 A Novel Methodology to ASM Research 
The risk-based methodology developed in this study has two components that make it a novel 
approach to ASM research – immersion-based PHEST categorisation technique and risk 
perceptions framework. 
7.1.1 A Risk Perceptions Framework 
Risk perception studies have emerged in response to the modern expansion of technology 
development. “Risk is a bellwether in social decisions about technologies” (Kasperson et al. 1988). 
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As technology is expanding, methods of assessing and managing risks to people and the 
environment are required to go beyond conventional measures. Risks are becoming more complex 
and interrelated. Using a risk perceptions study as the preferred approach allows consideration of 
many aspects of risks, both losses and benefits, beyond financial costs and health record statistics 
(Slovic 2000). It will also “disentangle multiple influences on the results” that are often the key 
factors of the complex subject of interest (Slovic 2000). 
 The combination of methods used in this study enhanced the manageability of complex issues 
in ASM. Altogether, the different steps of risk identification, analysis and evaluation constitute the 
risk-based approach. Percentage differences measured both the most prevalently discussed and the 
least prevalently discussed in the risk comments.  
 Using the combination of approaches and mapping them into the PHEST spider plots 
presented the data in such a way that it can aid decision makers because it presents the risk 
perceptions as separate categories and by the different stakeholder group. In this way, results are 
organised to be easily examined in terms of the significance of the responses, nature of the 
comments and effect to the implementation process. This demonstrates the useful function of risk 
management in educating people’s insights and helping them develop recommendations, allocate 
resources for risk management, and evaluate and defend their actions (Slovic et al. 1986). 
 Overall, the introduction of technology was perceived to have the most impact on HSE with 
the greatest overall change of 9.5% from before to after comments (before comments = 5.81% and 
after comments = 15.3%, see Figure 26). The PHEST analysis reveals that there is different, and 
sometimes distinctly different, perspectives among stakeholder groups of the risks associated with 
the introduction of cleaner technology. Technical experts and government representatives perceive 
the greatest change to be in the technological and social risks shown in Figures 28 and 29. 
Meanwhile, advocate groups indicated that there remains a significant gap (before and after) in 
economic risks shown in Figure 30.  
 The PHEST analysis highlighted that the most prolific comments were associated with current 
HSE factors and were raised by ASM miners. In contrast the survey analysis highlighted that the 
most important risk as perceived by the AS miners, was the economic impact of the implemented 
technology. The most important risk to non-ASM stakeholders was the environmental impact. 
Insights from the results highlight: (1) the gap in HSE risk communication in ASM, (2) economic 
risks are silent but potent risks to the implementation process, (3) no significant change is perceived 
in the political risks in the implementation process, and (4) to gain acceptance of technology, the 
implementers may need to demonstrate and communicate the benefits of the technology differently 
to different stakeholders, as discussed in detail in Sections 6.2, 6.3, 6.4 and 6.5, respectively. 
 146 
 A net positive effect on HSE risks in ASM suggests that there is a prevailing perception that 
the cleaner technology becomes a quick fix to mitigate the HSE risks associated with gold 
processing. The interviews yield almost all positive after comments for HSE which shows that the 
stakeholders perceive that health and safety should be improved in ASM after the technology is 
implemented. This is consistent with the formal risk assessment completed in Chapter 4. 
 Another finding was that different stakeholders focus on different risks associated with 
introducing technology into ASM. The research highlighted that an integrated risk management 
approach involving immersion methods for identifying the risks that matter can produce meaningful 
insights into the factors that could compromise the successful and sustainable implementation of 
innovative technology projects and thereby their ability to improve health, safety and environmental 
performance of ASM. This original research can contribute to the ongoing acquisition of knowledge 
to design and implement appropriate support and abatement strategies to improve HSE conditions 
by understanding the dynamics of ASM communities as an emerging wicked problem. 
 However, the risk perceptions framework did not come without its challenges and limitations. 
One limitation was in the interviews where there seemed to be a lack of clear distinction of each 
type of risk. Similar responses, indicating this lack of distinction, were obtained from among the AS 
miners, the government, partners, and even some technical representatives. For example, some use 
the word safety to describe occupational health and safety risks while others use the word safety to 
describe security issues arising from conflict. 
 This mismatch in the use of PHEST terms among stakeholder groups can introduce 
confounding findings within the results. To overcome this limitation, probing keywords were used. 
For example, in the case of health and safety, probing keywords such as sickness, injuries, and 
accidents were used to delineate the blurred lines between health and safety and the other different 
types of ‘safety’ risks. 
 Another limitation of the framework is the limited depth. It provided adequate discussion of 
some critical areas within the broader PHEST themes but left other important areas unexplored. 
Deep exploration in other categories such as the fragmented issues within the political and social 
categories of risk requires different methods of analysis. That is, methods which may afford deeper 
understanding of specific issues rather than broad representations. However, this has been an agreed 
upon limitation of necessity that is widely accepted in risk perception studies. For example, in the 
psychometric approach, the strength of its broad descriptive capability carries with it, of necessity, a 
lack of depth in the analysis (Slovic 2000). 
 Even factoring in the abovementioned limitations this research indicates that the identification 
and analysis of diverse risks can provide useful insights into the risks associated with successful 
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implementation of technology into the ASM context. The key findings from the research include 
that when assessing the impact of introducing technology into ASM there is a range of risks that 
matter to stakeholders. The range and coverage of risks identified come from the domains of 
political, HSE, economic, social and technology-related which were mapped out according to 
context and relevance.  
7.1.2 An Extension of Risk Perception Studies of Technologies 
This study extends the work of researchers (Slovic, Kasperson, Renn) in the field of risk perception 
by, among other things, revealing that what the stakeholders talk a lot about is not necessarily what 
is most important to them. To determine the most important factors for successful technology 
implementation, this study has constructed a methodology to identify, assess, evaluate and prioritise 
the risk factors that can affect the successful implementation of the technology. The design was able 
to cover the breadth and significance of the factors that matter to different stakeholders and give 
examples for each.  
 Distinguishing features of the new technology were identified in the technical risk assessment 
in Chapter 4 that suggests implementation will result in more favourable workplace health and 
safety in addition to the technology’s obvious environmental advantage. However, it became 
evident that technical risk assessments did not adequately cover the range of factors that influence 
public perceptions and acceptance of technology projects. This finding is similar to studies 
conducted into the acceptance of nuclear technologies and chemical technologies (Slovic 2000). 
Analogous mismatch of risk perceptions between technical experts, governmental managers and the 
communities were also observed in these other studies. The studies into nuclear technology and its 
associated controversies illustrated how inadequate appreciation of risk perceptions can lead to 
implementation failure (Slovic 2000).   
 The research extended the risk perception studies by employing mixed methods research that 
then allows analysts to critically review and analyse at various levels of abstraction the findings. For 
example, interview data for Province 1 was not consistent with field observation data. Hence, a 
sequential mixed method design was better which included another set of data collection using 
survey instruments. The design was novel in the way it was able to demonstrate the criticality of 
this approach in the ASM context. The AS miners said they support mercury-free technology and 
the transitioning is driven by the need to protect their children but the researcher only observed one 
mercury-free facility in the ASM area during the fieldwork site visit and this was not in use. 
 Another important insight is obtained from positive-negative graphs where it is observed how 
the risk pattern behaves in each of the PHEST categories (i.e., increasing or decreasing). 
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Considering all stakeholders in Figure 31, the desired effect of a decrease in negative risks was 
observed in all PHEST categories except technological risks where the negative risks increased 
from 3.6% to 5.4%. But when examined further in terms of stakeholder group, the Non-ASM group 
largely contributed to this increase with their negative technological risk perceptions increasing 
from 3.5% to 6.4%. While the ASM group recorded a slight decrease in negative technological risks 
from 3.6% to 3.2%. 
7.1.3 Immersion-based PHEST Analysis 
The findings suggest that it is appropriate to talk to all the stakeholders to develop an effective 
understanding of the range and most important factors that will impact their acceptance of cleaner 
technology. A reliance on quantitative techniques are not always appropriate in risk management. 
Poor project performance often results from traditionally focussed quantitative risk analysis due to 
the inability to handle subjectivity in assessments (Tah and Carr 2001). This study highlights the 
benefits of participatory engagement with stakeholder groups by using immersion methods. 
Immersion methods employed in this research were in the forms of interviews, surveys and video-
taking. Using these methods, the stakeholders are encouraged to talk openly about the risks they 
perceive before and after implementation of the new technology. Immersion methods identify the 
risks that matter and provide meaningful insight to the empirical data gathered. 
 The theoretical framework used to underpin the immersion-based research was the PESTLE 
approach. The successful approach to better manage ASM risks should be “holistic: an approach 
that looks at the social, economic, and governance issues in this part of the minerals sector, 
alongside the environmental concerns” (Danielson 2003). This study used a version of PESTLE 
called PHEST to identify risk perceptions across a range of criteria comprising political/legal; 
heath, safety and environment; economic and social; and technological. Similar to Fozer et al. 
(2017) this study found PESTLE-based analysis can be used to identify perceptions held by 
different stakeholders across multi-criteria. As such it is well suited for use in ASM contexts which 
are characterised by risks associated with potential impacts on the environment, society, cultural 
heritage and the health and safety of those working on and living close to ASM activities (Seccatore 
et al. 2014 p.405). 
 This approach aimed to produce a comprehensive picture as completely as possible of the 
actual conditions of ASM and from this extract the important factors. It could have been a good 
option to dive into and draw insights from the prevalent comments of stakeholders about health and 
safety which was many compared to the rest of PHEST. But this was not the major risk as the rest 
of the results revealed. If the management of health and safety risks had been considered as the only 
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criteria for successful implementation, other major risks for stakeholders would not have been 
identified. 
 The methodology aimed to produce a broad breadth and depth of results successfully 
identifying the important key factors. However, as far as this study is concerned, there is still 
opportunity to explore the qualitative analysis deeper. Further qualitative analysis can provide an 
even better understanding of the most important or critical factors that can make the project 
implementation successful. 
 As captured in this immersion methodology, what people do not talk about is as powerful and 
equally relevant as what people do talk about. For example, in Figure 33, the miners were not 
talking a lot about the health and safety positive risks of the new technology as much as they were 
talking about the positive risks of their existing ASM methods. 
 The three ASM provinces where data was collected have been chosen primarily because they 
are the host communities where the technology will be deployed. It was demonstrated in the results 
that each of these provinces is unique in its own way. These unique features are important to 
recognise because they set the context for the risks associated with the implementation and this is an 
important first step to managing the risks as shown in ISO 31000. 
7.2 Improvement of Health and Safety in ASM 
Chapter 4 showed that a mercury-free technology project can potentially improve health and safety 
far beyond the elimination of mercury and cyanide. The introduction of the technology brings with 
it the possibility of integrating health and safety standards into ASM – that there is a better way of 
doing things. 
7.2.1 Largest Difference of HSE Risks in Before-After Implementation 
An interesting pattern was observed when the before-after risk perceptions were broken down 
according to stakeholder groups. The largest difference in stakeholder perceptions of AS miners 
against other groups was found to be the HSE risk comments.  
 HSE risk comments by the AS miners were significantly larger in percentage when compared 
to the technical experts, government representatives and advocate groups. HSE risk comments by 
the miners were based on their actual conditions which can help explain the increase of HSE-before 
risk comments. Each miner shared at least three HSE incidents which either they experienced 
themselves or actual incidents experienced by their co-workers. Meanwhile, the other three 
stakeholder groups were giving technical estimates of fatalities based on their understanding of a 
particular step in the gold extraction process. It was observed in the other stakeholder groups during 
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the interviews, especially among technical experts and government representatives, they seemed to 
be echoing reported known levels of exposures and environmental impacts as indicated in a report. 
 It must be recognised that the same consistent pattern of largest difference in HSE risk 
comments was observed across all three ASM provinces. Allowing AS miners to answer the open-
ended interview questions and provide their perspective on HSE risk perceptions before the 
implementation of the new technology made it possible for them to consider all risks, both negative 
and positive, from the gold operations that they are exposed to almost daily. The miners comments 
were not limited to documented and publicly available information instead they were based on their 
own actual experiences which may have been responsible for the large percentage of HSE-before 
risk comments. In all three provinces the AS miners believed that mercury used in their existing 
methods is a negative risk to their health and their families’ health. 
7.2.2 Most Significant Mismatch of Stakeholder Perceptions in HSE Risks 
The new technology will be successful in reducing the amount of negative HSE risk perceptions but 
not improving the positive HSE risk perceptions. In Figure 27, the dragged-out corner evident in all 
stakeholder groups, which decreased from 15.3% to 5.8%, is largely attributed to negative HSE 
risks decreasing drastically from 14.9% to 1.1% in Figure 31. However, the corresponding positive 
HSE risks did not show a similar decreasing trend. Instead, Figure 31 shows an increasing trend 
overall from 4.6% to 6.3%, which is later found to be attributed to the AS miners HSE risk 
perceptions. In Figure 33, the ASM group have higher positive HSE risks before the 
implementation of the technology than after the implementation. 
 It is obvious that there are less negative HSE risks after the implementation of the new 
technology and this is a desired effect. Surprisingly, however, the positive HSE risks become less 
after the implementation. This is not a desired effect especially among the miners whose risk 
perceptions determine the long-term adoption and acceptance of the new technology.  
 Although the miners did not think that there is anything negative about the new technology 
they however reported fewer positive comments about the new technology than their old mercury 
methods. Therefore, the data indicates that the primary advantage of the new technology over their 
old methods is that it is less harmful than their existing methods. But, they hardly see any benefit 
beyond that. What is alarming being that they see more benefits in their old existing methods than 
the new one despite the fact they identify the new technology is less harmful. These are risk 
perceptions, not necessarily factual but it is what the miners believe. This is important as it will 
affect whether or not the miners will accept the technology for long-term. 
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 The positive HSE risk comments by the AS miners relating to their current methods, which 
may often appear illogical and irrational in terms of health and safety standards, could not simply be 
blamed on ignorance or conscious destructive behaviour. Other research has found that many of the 
people’s reactions to risk are basic human responses to the actual effects of the hazards. According 
to Slovic (2000), these effects are technical, social and psychological in nature that are often not 
well-modelled in technical risk assessments (e.g., effects such as perceived inequity in the 
distribution of risk losses and benefits, aversion to being exposed to risks that were involuntary). 
 The study methodology extends the psychometric paradigm that served as a theoretical 
framework for a number of studies. Similar to the psychometric paradigm, the study methodology 
assumes that risk can be subjectively defined by individuals by a wide array of psychological, 
social, institutional and cultural factors (Slovic 2000). In other words, “risk means different things 
to different people” (Slovic 2000).  
 A certain degree of human judgement that often leads to subjectivity is inherent and 
indispensable in risk assessments. An influential report by the National Academy of Sciences in 
1983 revealed that toxicological risk assessment itself is heavily subjective since it relies heavily 
upon assumptions and human judgment. In such cases, the specific similarities and differences 
between lay perceptions and expert views are exposed and compared. Similarly, through this study 
differences in the HSE risk perceptions between miners and other ASM stakeholders seem to be 
due, at least in part, to the miners’ HSE risk perceptions not necessarily being based on scientific 
information. Hence, in the ASM context quantitative risk estimates can have limitations in terms of 
facilitating discussions and communicating the risks. 
 Frustration increases as empirical evidence proved that risk events with minor physical 
consequences often elicit strong public concern that inevitably produce severe social impacts, at 
levels unanticipated by conventional risk analysis (Slovic 2000). This complex social phenomenon 
is also observed in the ASM context where risk events with scientifically-proven major physical 
consequences to health and safety elicit weak ASM community concern and produce a tolerant 
social culture. As Kasperson et al. (1988) captured in a statement, this social phenomenon 
“contrasts the results of formal reasoning”. 
7.2.3 Level of Importance of HSE Risks from Survey Results 
Based on the survey results in Section 6.4, it was surprising to note that HSE risks were not a 
priority for ASM when rated against other categories of risks even though they were discussed the 
most in the interviews. However, for the non-ASM group, HSE risks were found to be the most 
important despite not being the most frequently mentioned. This demonstrated that the high 
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frequency of mention by the AS miners regarding HSE risks did not match their allocation for 
highest rating of importance. This is an important finding because it shows that when stakeholders 
talk a lot about certain risks, it does not necessarily follow that those risks are the most important to 
them. 
 The methodological approach found best-suited for this study was to have surveys that 
required participants to rank risks in order of importance to complement the interviews. In doing so, 
insights were produced to answer one of the second research questions of this study which is to 
identify the important factors to consider for the successful implementation of the new technology. 
Similarly, Hypothesis 3 is confirmed to be true where health and safety is one of the most important 
risk factors when considering the implementation of the semi-automated gold processing plant in 
ASM. However, environmental and economic risks are perceived by the stakeholders to be most 
important. This means that in order to achieve the desired health and safety improvement in ASM, it 
is recognised that the technology must be successfully implemented. Moreover, to achieve 
successful implementation, the economic costs of constructing, running and maintaining the 
technology plant must be affordable and must not impose any degree of economic burden to the 
ASM communities.  
 This seemingly contradictory finding is consistent with the criticisms of risk perceptions 
studies using psychometric questionnaires. It was argued that people’s actions, more often than not, 
have been found to contradict assertion which leaves researchers to have the only option of 
“observing what people choose under actual conditions” (Rappaport 1974, p. 4). However, risk 
experts found such criticisms to be overstated (Slovic 2000; Liska 1975). Evidence suggests 
attitudes elicited in surveys often correlate highly with behaviour and surveys have the advantage of 
eliciting present values rather than historical preferences. However, the moderate survey rating for 
HSE risks does not necessarily contradict the claims from the interview findings. The claim that 
HSE risks are important, due to high frequency of mention, have underlying dimensions to include 
perceived level of risk acceptability.  
 Health and safety have different levels of risk acceptability. AS miners perceive that the 
potential benefits of improved health and safety are not worth higher economic costs. Whereas, to 
the clustered non-ASM group, they perceive that the improvement of health and safety in ASM is 
favourable in achieving their ultimate goal which is protecting the environment. For the non-ASM 
group, the acceptable level of health and safety is “good enough” as long as it meets and supports 
the economic and environmental criteria. Conversely, if risks are unacceptably high in economic 
and environmental areas of priority then stakeholders are willing to compromise health and safety 
improvement leading to poor acceptance of technology.  
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 In the case of the non-ASM group, their ultimate goal is protecting the environment, which is 
closely linked with the benefits of improved health and safety. However, clear distinction between 
health and safety, and the environment is important because support from government 
representatives and other stakeholders can be enhanced by emphasising the benefits of the 
technology to the environment. Comparing the first three columns for Figures 39 and 40 which 
relate to health, safety and environment risk categories, respectively, risk acceptability to non-ASM 
groups is revealed. It showed that the current poor workplace health and safety conditions in ASM 
attributed to mercury use, unsafe process equipment, etc, were perceived more acceptable (less in 
need of change) compared to the destructive effects to nearby rivers and natural resources caused by 
mercury use and poor working practices. Therefore, the non-ASM group are most likely to take 
serious action when there is a high level of threat to the environment than when there is a high level 
of threat to ASM health and safety. The statistical p-values, pvalue<0.05, shown in Section 6.4 
indicate that participants in the non-ASM group are substantially similar in their rankings which are 
highly significantly different to that of the miners (column 4 in both Figures 38 and 39). 
7.3 Economics is a Silent but Potent Risk to Implementation 
Poverty is an issue that has a social and economic dimension to it. It drives many people to 
participate in ASM (Hilson 2009). In Africa, poor economic conditions often serve as a barrier for 
ASM communities to improve their technologies and reduce mercury pollution (Spiegel 2009). In 
Compostela Valley, Philippines, poor economic conditions serve as an enabler for increased 
engagement between a “heterogeneous class of mining financiers and a vulnerable ASM 
workforce” (Verbrugge 2014). It becomes evident that ASM communities are poor and they 
respond to economic risk factors more seriously and consistently than other forms of risk. As far as 
the new technology is concerned, the implementation strategies can either use economic risks as 
enablers, or if ignored, perceptions of economic risks could become a serious barrier. 
7.3.1 Most Consistent and Validated Difference of Economic Risks in Before-After 
Implementation 
The response to economic risks was captured in the study and produced interesting insights. In the 
spider plots, advocate groups and the AS miners shared the same distinct percentage difference of 
economic risk comments at 4.1% and 4.0%, respectively. Across all PHEST categories of risk, it 
was only in economic these two stakeholder groups agreed at almost exact percentage difference. 
This was no surprise because advocate groups have been on the ground and immersed in the 
communities as part of their work. For each province, NGO members, constituted as the advocate 
group, who are province residents were interviewed. Although they may share different perceptions 
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in other types of risks, local NGO members demonstrated a deep understanding of economic issues 
in ASM consistent with the risk comments of the AS miners. 
7.3.2 Most Significant Mismatch of Stakeholder Perceptions in Economic Risks 
The economic-after risk comments from government representatives, especially the technical 
experts, were primarily based on their confidence that the new technology can increase profit for the 
ASM communities. However, the lower percentage of risk comments attributed to the economic 
risks in ASM before the implementation of the technology is especially interesting. Findings from 
the spider plots revealed that they lack baseline information about economic drivers in ASM beyond 
factors that are readily quantifiable. Government representatives and technical experts had higher 
economic-after risk comments which is the opposite to the advocate groups and AS miners. They 
seem detached from the existing economic concerns of the communities and uninformed about the 
informal financing schemes that dominated ASM to compensate for the lack of access to credit 
services available to formal industries.  
 The risk field offers an explanation to this phenomenon through the concept of perceived 
benefit used in the affect heuristic model. According to Slovic (2000), affect is a subtle form of 
emotion, defined as either positive (accept or agree) or negative (reject or disagree) evaluation 
toward an external stimulus (e.g., introduction of new technology or any mercury-free intervention). 
Slovic (2000) captured the relationship of human affective processes and risk perceptions and its 
important role in many research studies through his following statement:  
 “Although risk perception was originally viewed as a form of deliberative, analytic 
information processing, over time we have come to recognise just how highly dependent it is upon 
intuitive and experiential thinking, guided by emotional and affective processes. This recognition 
has occurred as a consequence of many streams of research” (page xxxi). 
 As much of the ASM economy is informal, there are costs and benefits that miners perceive 
that the traditional economic approach cannot accommodate (Lahiri‐Dutt 2004). The higher 
percentage of positive economic-before risk comments of 5.6% than the positive economic-after 
risk comments of 3.0% by the ASM group in Figure 33 is indicative of certain economic variables 
that are not readily apparent and quantifiable. Some of these variables include the unquantifiable 
benefits from pre-exiting relationships with financial actors, such as: microeconomic diversity 
(Mulder et al 2001); degree of economic satisfaction or dissatisfaction; measure of income 
distribution; non-cash benefits and social transfers in kind, among others.  
 The informal ASM economy involves key trusted actors whom they know and can readily go 
to and owe money when they lack income. This is indispensable given the nature of informal gold 
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mining where miners chase the gold vein with local crude techniques. As a result, the chance of 
excavating a high-grade ore is highly unpredictable. Therefore, the economic judgment and 
decision-making of the AS miners and their families are shaped by their exposure to low-
probability, high-consequence events. These types of events can lead them into difficult situations 
where they are less likely to make logical and rational decisions and more likely, instead, to resort 
to desperate measures.  
 However, decisions made during desperate situations may be less rational but this does not 
make them less predictable. Risk investigators reported that for many hazards, the greater the 
perceived benefit, the lower the perceived risk, and vice versa (Finucane et al. 2000). This means 
that the miners need to have a good grasp of the economic merits associated with the new 
technology implementation. The risk perceptions should be managed by not only reducing the 
negative risks but also promoting the positive risks in order to achieve the objective. 
 If the economic drivers that shaped ASM over the last 30 years or so will not be well-
modelled in the risk management framework for this technology, then based on the findings of this 
research, the implementation of the new technology has a higher risk of failure. It is important to 
realise that in the informal economy, trust is an important mechanism that dictates whether 
something is acceptable and worth the money or not at all. A great deal of academic literature 
clearly found that lack of trust was a critical factor underlying the divisive controversies that 
surround management of technology and associated risks (US Department of Energy 1989; Flynn 
and Slovic 1993; Kasperson, Golding and Tuler 1992; Renn and Levine 1991). The mechanism of 
trust and it relationship with technology acceptance is discussed in detail in Section 7.5.2. 
7.3.3 Level of Importance of Economic Risks from Survey Results 
The forced-rating survey made it possible to identify the most important issues for the AS miners 
when compared across the different types of risks. The survey component of the research methods 
overcomes the degree of ‘strategic behaviour’, which refers to a participant’s tendency to say things 
that they are expected to say (Rappaport 1974, page 4). 
 The high survey rating of economic risks by the AS miners does not necessarily contradict the 
low to moderate frequency of mention from the interview findings. In fact, the second highest 
percentage of positive risks (green strip) at 7.4% which is in the social-before risk category 
(Figure 33) consisted of risk comments relating to the social benefits attributed to the economic role 
of gold mining and processing in the ASM communities. Positive social risk comments influenced 
by increased economic conditions include higher earning capacity per individual, better lifestyle 
choices, population growth rates, increased access to education, improved living standards, etc. 
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There was strong agreement among miners that the gold extractive industry has improved their 
living conditions as a family, as a community and a province. The positive social risk comments 
were shared similarly and validated by the participants from the advocate groups.  
 The very high rating of importance that the AS miners put on economic risks reflect their 
decision-making. It underpins their decisions from basic tasks such as installing safety features to 
accepting a more hazardous job for extra income. The interplay between economic and health and 
safety in the decision-making of AS miners should be an important consideration and must be 
included in the analysis of uncertainties. This interplay is not unique to the ASM context since this 
has been explored in risk perception studies as they observed actual market behaviour of people 
trading the risk of losing for economic benefit (Rappaport 1981). 
7.4 Political Risks require a Different Method 
Political risks are important but not necessarily the deal-breaker as far as technology acceptance is 
concerned. The exclusion of the political risk category in the critical risks that affect 
implementation of mercury-free technology does not undermine its importance in the process. In 
Chapter 5, a long list of political risk themes emerged although the risk comments were fewer in 
number at 295 compared to other risk categories such as, HSE at 574, technological at 508 and 
social and community at 498 (Figure 26). Using the spider plots, the percentage differences showed 
that political risk comments were not as frequently discussed compared to HSE and other risks. This 
is because the qualitative component of the analysis captured the high degree of diversity of the 
political issues.  
 This means that the political risks that emerged from the results were highly contentious and 
fragmented which is beyond the scope of the study’s methodology. A good example is the risk 
theme of illegitimacy of ASM. Although they recognised the importance of legitimising ASM, but 
in practice, the political requirements necessary for it to be acted upon remains weak and 
fragmented. As a result, the contention in the political risk category requires special attention and 
special expertise that is beyond the scope of this study.  
7.4.1 Fragmented Mismatch of Stakeholder Perceptions in Political Risks 
 Figures 27 and 28 seem to indicate that technical experts and government representatives 
share similar before-after perceptions about the implementation with regard to political issues. 
However, the qualitative analysis component of the methodology contradicts that observation. 
Within the government representatives, there is a split set of perspectives between the national 
government and local government.  
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 Based on the methodology used in this study, the mismatch of political risk perceptions 
among stakeholders was not significant but rather, fragmented. This means that the broad approach 
of the methodology cannot deduce anything of substance due to a lack of common themes. The 
researcher recommends a different method of analysis that focuses on the depth of the issues rather 
than the breadth. 
7.4.2 Political Risks in Philippine ASM are Inherent  
The results from the study analysis generated rich data from which to interpret the sources and 
causes of risks and the respective manner in which various groups assess, view and cope with those 
risks. Hence, the need to develop a more appropriate risk management process that is fundamental 
in ensuring the success of implementation is recognised. In the field of risk perception studies, 
investigations about, for example, how judgments of perceived risks are related to both group and 
cultural affiliations are possible (Vlek 1981). Using risk-based principles, it is practicable to 
empirically understand the root causes of mismatched perceptions. 
 Indeed, political risks in Philippine ASM are not just important but inherent to the sector. As 
political authorities have learned, there are inevitable shortcomings in tackling governance 
problems. In the field of Public Administration, a sense of ungovernability of socio-political 
problems was realised (Kooiman 1993) and the ‘limits of governability’ of political risks are 
increasingly recognised (Warner 2007).  
 Although this study was limited in looking deeper into political risks, pertinent themes were 
adequately identified using the risk-based approach. These themes were identified by considering 
the stakeholders’ own words, as exemplified in Chapter 5. As a result, multi-faceted political risk 
factors were identified in each of the risk themes. For example, the illegitimacy of ASM is a result 
of several risk factors and the findings support what has already been found in literature including 
burdensome licensing requirements that create a barrier to entry for many miners; a lack of clarity 
in official documents concerning ASM; insufficient or inaccessible legally mandated areas; a lack 
of awareness of lawful requirements amongst miners; and the miners inability to access 
administrative capitals (Villegas 2013). Illegitimacy also causes ASM ineligibility to access the 
necessary resources such as work-related training and authorised consumer credit.  
 Analogous to what Slovic refers to as the “pond ripple effect” a risk-based approach can 
initiate a reflective process for how illegitimacy causes ASM vulnerability to bribery and extortion 
particularly by certain government authorities.  
 Another layer of the ripple reveals that potential faulty perceptions can misdirect efforts of 
legalisation. Recent literature claims that the illegitimacy of ASM is a barrier to mercury-free 
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technology implementation (Hunter, Smith and Levin-Nally 2017). This is because illicit political 
actors perceive illegitimacy as more beneficial in keeping corrupt activities and their associated 
profits. Implementation of a non-mercury technology can be a potential threat in exposing illicit 
activities, such as gold smuggling, tax evasion and money laundering hidden from the government. 
Hence, illicit political actors may oppose the implementation of the new technology. This 
opposition can be a serious threat to the implementation process because of the various political 
efforts made to decentralise control over mineral resource in the Philippines. That is, despite having 
centralist provisions (see section 2.1.1). In addition, this form of opposition can be a serious barrier 
to the wide-scale formalisation of ASM, as these types of political actors would not want to see 
formalisation to occur, nor would they be likely to advocate legalisation of the miners they help 
finance (Hunter, Smith and Levin-Nally 2017). Such political controversies surrounding ASM attest 
to the intractable nature of political risks. 
 In addition, there is a great deal of literature on the political aspects of ASM. ASM issues 
have attracted political scientists, political economists and legal practitioners alike to research the 
intricacies of the issues. Their main solution is formalisation as though it is a panacea. But other 
authors in the ASM field consider that although potentially beneficial, there are risk factors that can 
make formalisation efforts either a beneficial opportunity to the miners or a threat to their 
democracy. The results of this study revealed the tremendous power and authority given to local 
government actors as one of the risk factors. This assertion is supported in the report findings by 
Hunter et al. (2017) that included the dichotomous role of government actors. The process of 
regulating the ASM sector is a task devolved to local Philippine governments. However, with the 
devolution with task is the devolution of power that government officials can potentially abuse to 
amass profits from the ASM sector. Hunter (2017) stated that this abuse of power may take the form 
of bribes, financing illicit ASM operations, or engaging in the gold trade. Hunter claims that it is 
clear from her findings that government actors play a pivotal role in either championing or 
impeding formalisation efforts. This is why this is considered a risk factor because risk, which is the 
effect of uncertainty on objectives, can be positive (championing formalisation efforts) or negative 
(impeding formalisation efforts). 
7.5 Technology Acceptance in Philippine ASM Communities 
This study shows that to get technology accepted a broader view is required by applying an 
organised framework that allows for a number of risk factors, including enablers and barriers that 
have been identified in a meaningful way (Sicotte and Pare 2010). Risk factors can be framed by 
perceptions because although the impacts of mercury to health and safety seem quite obvious, other 
implications are not. For example, work completed on ASM in Indonesia by Soemarwoto and Ellen 
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(2010) showed that spiritual beliefs restricted AS miners’ capacity to perceive risks based on what 
they could visualise and what agreed with their ritual practices. Implementation of cleaner 
technologies can fail if risk perceptions are left unmanaged. Geiser (2001) outlined that technical 
traditions, investments in older equipment, conventional work practices and skills, low motivation 
for change and uneasiness with less conventional and less well-tested technologies all inhibit 
transition to cleaner technologies in the core production processes. The process of implementing 
cleaner technology involves changes in management practices which usually has challenges and 
progresses very slowly. But if the risk-based approach were adapted according to ISO 31000, 
identification of risks that are perceived positively and negatively by key stakeholder groups would 
be possible. The ramifications from adapting that concept of risk, would allow the leveraging of risk 
data by maximising positive risks and minimising negative risks.  
 Survey results from this study highlight differences between the ASM group and non-ASM 
group which suggest different stakeholder groups prioritise different risks. To the AS miners, 
economic risks are the highest priority risk that needs to be addressed by technology. To the 
government, environmental risks are the highest priority risk that needs to be addressed by 
technology. The miners only agree to accept and continually use the mercury-free technology if it 
enhances their economic gain.  
 Survey results on economic risks as a priority are consistent with interview data. In the 
interview, AS miners technological risk comments were mostly about recovery performance and 
processing time differences between the two technologies. Recovery and processing times both are 
directly linked to operating costs. Similarly, if the mercury-free technology is not economically 
competitive to their old technology or worse, and becomes an economic burden whereby continuous 
use of the new technology is impossible. 
 Noetstaller (1995) claimed that one of the many reasons why implementing strategies in ASM 
is difficult is that the AS miners are only willing accept to change, for example becoming licensed 
operators, if the benefits outweigh the possible costs. Possible costs in this case may include 
payments of royalties and taxes, as well as the necessity of observing health, safety and 
environmental regulations. Conforming to health and safety standards is often associated by the 
miners to extra costs. Interview data revealed that positive health and safety means wearing 
disposable masks or gloves while performing gold processing techniques. When financiers do not 
provide masks and gloves, the miners need to buy them. Informal mining does not have worker 
protection laws (political) to force financiers to provide PPE. In the same way, subsistence income 
of miners have a pervading dilemma to spend marginal profit (economic) to buy PPE or buy food 
for the family (social).  
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 The government, technical and advocate groups share similar findings with the government 
group as determined by the statistical tests. These results can be used to guide better communication 
and acceptance of technology in ASM. Tedious, health and safety issues, fatigue and tediousness 
are issues. 
 Government and advocate groups today try to communicate to 30 million people worldwide 
involved in ASM to encourage them to use technology that does not require mercury to extract gold 
from ore. Yet, they still use mercury, which is toxic, not only contaminating soil, water and air but 
poses a serious threat to their own health. Why does implementation fail in ASM? The results of 
this study show that ASM are well aware of the health, safety and environmental impacts of 
mercury as evidenced in the number of negative comments raised. The results also show that to get 
ASM to accept the technology they need to perceive it as being economically better than the current 
situation. The insights from this study suggest that they were not as aware of the economic impact 
and this lack of awareness may be hindering technology acceptance.  
7.5.1 Enhancement of Risk Communication 
At this stage, the relationship between risk perception and technology acceptance becomes 
apparent. Communicating risks that can inform stakeholder perceptions can be a strategy for a 
successful implementation process.  
 However, communicating risks to inform the public may have seemed easy in principle but 
surprisingly has been difficult to achieve in actual situations. To be effective, risk communicators 
must recognise and overcome a number of barriers that have their roots in the limitations of 
traditional risk management and the idiosyncrasies of the human mind. Having an awareness of the 
challenges should enhance the chances of designing successful informational programs (Slovic 
2000).   
 Risk communication should go beyond the initial promotion to get initial acceptance. Efforts 
of risk communication should be robust and sustained for a long period of time not only during the 
introduction of the new technology. The goal is adoption (long term) not just acceptance 
(immediate). Psychological research reveals that when influencing people’s perceptions and beliefs, 
the change is often slow and old belief systems can recur and persist (Nisbett and Ross 1980).  
 In order to make it robust, risk communication strategies should be broad enough to include 
other factors that are not directly related to the task itself, but relate more to the conditions 
surrounding the process of performing the task (Lundberg et al. 2009). By understanding what 
matters most to each stakeholder group from the findings, risk communication can be better 
designed according to what motivates them. 
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 However, communication at its core involves at least two parties. Hence, it is not a one-way 
conversation that indulges communities of their demands. Instead, it must be a dialogue based on 
common interests to work toward desired long-term outcomes. Conflicts can be acted upon without 
giving in to the temptation of ‘compensatory addition’ (Herzberg 1974). Otherwise, mitigative 
action towards the valid concern will create an unfortunate “tantrum” strategy from stakeholders 
(Herzberg 1974).  
 Herzberg’s satisfier-dissatisfier theory was originally intended for workplace organisations. 
However, Herzberg claims that ‘organisations are like people’ (Herzberg 1974, p. 18). Similar to 
achieving satisfaction in job organisations, risk communication in ASM is aimed at managing 
people and their perceptions. Therefore, adapting Herzberg’s theory can add value in enhancing risk 
communication strategies. Herzberg’s theory demonstrates that the mismatch of stakeholder 
perceptions does not necessarily lead to project failure but simply implies that more work is 
required to establish a sustained risk communication process. 
 The theory suggests that satisfaction and dissatisfaction are produced by different factors 
especially in the context of a job. This can also be applied in the context of implementing the new 
technology because safer and mercury-free work practices are being introduced along with the 
technology. An interesting view can be inferred using Herzberg’s theory as it can be demonstrated 
that what can make the miners satisfied (satisfiers) at their new work practices are factors that relate 
to the content of their jobs such as increased safety, advancement in the technology use, enhanced 
technical knowledge and elimination of toxic chemicals.  
 On the other hand, what can make the miners dissatisfied (dissatisfiers) at their new work 
practices are not necessarily related to the content of work but to the context of their job. These 
factors may include supervision, interpersonal relations, overall working conditions, individual 
income, status and security (Herzberg 1974). This view is important because it allows risk 
communication strategies to take on a holistic and context-based perspective that goes beyond the 
technology itself. In effect, other non-technical but equally important risks are effectively managed. 
Herzberg’s theory has been adapted and applied in many different contexts because it does not 
undermine individual differences and preferences (DeShields et al. 2005; Parsons and Broadbride 
2006; Lundberg et al. 2009).  
7.5.2 Mechanism of Trust 
If trust is lacking, no form or process of communication will ever be good enough (Fessenden-
Raden, Fitchen and Heath 1987). Perhaps it is a common intuitive knowledge that trust is important 
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for all forms of human social interaction. Perhaps, because it is such a familiar concept, its 
importance in risk management has not been adequately appreciated. 
 The prevailing views of AS miners that their old methods still have positive implications 
higher than the new technology can be overcome by the mechanism of trust. One characteristic of 
trust is the asymmetry of trust creation and trust destruction (Slovic 2000). This asymmetry is a 
psychological phenomenon where it takes time to build trust but a single mishap can easily destroy 
it in an instant. Hence, efforts to establish trust must be supported by the willingness to invest a 
substantial amount of time, resources and strategies. In addition, it should be accompanied by the 
careful awareness that a single mishap can tragically destroy trust among stakeholders. Once trust is 
lost, it may take a much longer time to rebuild it than in the first attempt. Social psychological 
studies (Rothbart and Park 1986) have validated "folk wisdom" by demonstrating that trust is a 
quality lost and slowly (if ever) regained.  
 Robust risk management is an important part of the mechanism of trust. Definite actions to 
create trust is beyond the scope of this study but this study helps by guiding and focusing efforts 
into risks that need to be prioritised and are often critical to preserving trust. In this way, the study 
affirms that from a risk management perspective distrust among stakeholders is not a looming threat 
that nothing can be done about. Rather, the potential for a climate of strong distrust is a 
consequence that can be reduced in its likelihood using a robust risk management system that 
involves consultation with key stakeholders and identify the most appropriate controls to arrest 
relevant threats and mitigate undesired outcomes.    
 The importance of risk management and trust in the technology acceptance, which translates 
to the successful project implementation, cannot be emphasised enough. Lessons can be learned 
from the analogous case study of nuclear and chemical technologies. Slovic (2000) well-captured 
this insight in the following statement:  
 Risk perception research (Slovic 1990) documents that people view medical technologies 
based on use of radiation and chemicals (i.e., X-rays and prescription drugs) as high in benefit, low 
in risk and clearly acceptable. However, they view industrial technologies involving radiation and 
chemicals (i.e., nuclear power, pesticides, industrial chemicals) as high risk, low benefit and 
unacceptable. Although X-rays and medicines pose significant risks, our relatively high degree of 
trust in the physicians who manage these devices makes them acceptable. Numerous polls have 
shown that the government and industry officials who oversee the management of nuclear power 
and non-medical chemicals are not highly trusted (Flynn et al. 1992; Mushkatel and Pijawka 1992).  
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 However, practical steps such as the development of a multi-stakeholder platform, discussed 
next, can be introduced whereby trust is the primary driver because stakeholder groups can be 
willing to participate if they trust that the process will have impact. 
7.5.3 Risk Management is a Multi-Stakeholder Platform 
At this stage, it has become clear there are differences in stakeholder perceptions as far as 
implementation of new technology is concerned. When these perceptions are left unmanaged, 
project success is less likely to be achievable and sustainable. Because stakeholder perceptions 
represent such a diversity of interests, a wider spectrum of the new technology implementation 
issues are covered. A holistic risk-based approach is best-suited as risk communication strategies 
can promote a more integrated approach by facilitating tradeoffs, package deals and win-win 
situations. This approach can produce extensive results better than a single-issue platform would 
(Warner 2007). Desired outcomes are produced as a result of dialogue rather than a prescriptive 
policy. 
 The risk management process can accommodate input from a variety of actors and maintain a 
feedback loop (Figure 5) which can improve the quality of system governance, increase the range of 
options (Warner 2007) and deal appropriately with the multiplicity of cultures. As a multi-
stakeholder platform, risk management allows a variety of stakeholders along with their diversity of 
perceptions to be accountable and transparent in their decisions. It provides a participatory form of 
management which otherwise would be a conflictive setting. It calls to attention many, if not all, 
risks that matter and mobilises stakeholders to respond. Therefore, the mismatch of stakeholder 
perceptions when managed becomes “essentially healthy, as it brings people’s preferences out in the 
open” (Warner 2007, page 6). Previously marginalised ASM, as established in Chapter 2, are 
offered the chance to voice their concerns and contribute their input in the decision-making process. 
In this way, it is ensured that the process of assessing and evaluating the risks serve the needs of all 
stakeholders.  
 Risk management, as a multi-stakeholder platform, is critical to the successful implementation 
of the new technology in ASM because it is designed to accommodate the complexity of issues, the 
diversity of stakeholder perceptions and the dynamics of uncertainty and change (Warner 2007). 
Especially in the context of the Philippine ASM, a forum of discussion and negotiation is needed 
where the decentralised form of government involves devolution of power. The seemingly detached 
attitude of the national government can be addressed to elicit their meaningful participation in ASM 
issues. Participation of key stakeholders reinforces the successful integration of health and safety 
risk management in ASM through the successful implementation of the mercury-free technology. 
Therefore, the multi-stakeholder platform can be the final piece of the puzzle of managing the risks 
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as it represents a network of stakeholder cooperation which optimises the management process 
through participation and integration (Warner 2007). 
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Chapter 8 – Conclusions and Recommendations 
This final chapter presents the conclusions from the overall findings and recommendations for 
further development and application of the study methodology in managing a wide range of risks 
and risk perceptions in ASM. The study methodology was used to identify, analyse and evaluate 
risks in the three major ASM provinces in the Philippines namely, Benguet, Agusan del Norte and 
Compostela Valley. The research study involved field site visits to conduct face to face interviews, 
surveys and field observations for each site including the central government offices in Manila and 
Quezon City.  
8.1 Key Findings addressing research questions 
Using the developed methodology, the study was able to address the two research questions of this 
thesis. The findings were obtained using a methodology that has an enhanced broad descriptive 
capability. Many studies have explored specific issues in ASM but no previous studies could be 
found that used empirical evidence to develop a holistic framework that informs decision makers of 
the risks to be managed in ASM to successfully introduce technology that addresses the long-
standing mercury problem.  
Research Question 1 (RQ1):  
Can the implementation of semi-automated gold processing technology improve the health and 
safety of AS miners in the Philippines? 
 For the first research question, the study demonstrated that the mercury-free technology 
project can potentially improve health and safety far beyond the elimination of mercury and cyanide 
(refer to Chapter 4). The hypothesis that the semi-automated gold processing technology will 
improve the health and safety of AS miners by reducing the risks from the physical process 
operations is supported. Moreover, the introduction of the technology brings with it the possibility 
of integrating additional health and safety standards into ASM. As the risk management process 
suggests, the process of integration takes into account overall governance, policies, values and 
culture (AS/NZS ISO 31000:2009). In order to effectively manage risks, there should be an 
organised and systematic prioritisation of risks. 
Research Question 2 (RQ2):  
What are the important factors to consider for the successful implementation of the semi-automated 
gold processing technology in the ASM sector? 
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 In addition to the health and safety risks associated with the new technology, other relevant 
risk factors that are fundamental to the ASM context were also investigated. The second research 
question was addressed through the identified factors for each stakeholder group that were found to 
be important for the successful implementation of the new technology in the ASM sector. Risks 
were prioritised based on the pertinent stakeholder perceptions that emerged from the results.  
 The most significant risks identified using the study methodology were in the categories of 
HSE and economic risks. They have been identified using the following criteria: (1) largest 
difference or gap between before and after implementation, (2) most significant mismatch of 
perceptions, (3) difference is validated by at least two stakeholder groups, and (4) trend is 
confirmed by survey data results of importance.  
 HSE risks seem to be important as they were the most frequently mentioned overall and 
especially among the AS miners. However, in the forced-rating surveys, the AS miners perceived 
HSE risks were not more important than economic risks. Furthermore, technical experts, 
government representatives and advocate groups perceive environmental risks were more important 
than health and safety.  
 Economic risks were perceived as the most important by the AS miners and all the three 
major ASM provinces in the study (Benguet, Agusan del Norte and Compostela Valley) agreed that 
economic risks were the most important consideration in implementing a mercury-free technology. 
Based on the findings of this research, economic risks was the most important consideration for the 
AS miners. This is an important finding because this means that even if technical experts were 
successful in developing the safest gold processing technology, problems with technology 
acceptance would still remain. Ultimately, technology acceptance into the ASM communities may 
be determined more by risk perceptions than by the fact-based opinions of technical experts (Slovic 
2000). 
 Political risks stood out as the most fragmented and most diverse of all the categories. A 
different methodology is recommended in studying political risks in ASM associated with 
implementing a new technology.  
 The study was able to demonstrate that there are PHEST issues that need to be addressed not 
just HSE in order for the implementation to be successful. The implementation of new mercury-free 
technology is a multi-faceted problem but the study was able to identify the key issues and prioritise 
the critical ones which were found to be environmental and economic. These two issues were found 
to have the most significant risk factors in terms of mismatch of perceptions. 
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8.2 Developed Study Methodology to Identify Risks that matter in ASM 
One of the primary outcomes produced in this empirical research is that the chosen and developed 
risk-based methodology is appropriate and effective in identifying the risks that matter in the 
implementation of a semi-automated technology in ASM communities. Gaining and analysing 
stakeholder perceptions assist in understanding the complex relationships of AS issues and 
problems which can be systematically categorised and sequentially analysed to produce evidence-
based insights.  
 As a mixed methods research, the study presented complex forms of data and multiple layers 
of analysis (Creswell and Clark 2007). Since interview data alone tended to be influenced by a 
certain degree of strategic behaviour by the participants, a forced-rating survey was sequentially 
used to complement the interview results and overcome the limitations. A pilot analysis was 
initially performed in 20 out of 78 interviews which produced a refined framework of data analysis 
for the bulk of interviews. Peer-review process was undertaken to ensure appropriateness and 
validity of the analysis. 
 There were some limitations in the study methodology such as the overlap of the risk types 
from the responses of interview participants as they tend to use supposedly distinct terms 
interchangeably. However, this was addressed by clearly defining and updating the definitions of 
risk categories and allowing a maximum of two risk categories to overlap during the thematic 
coding. This limitation of interviews was complemented by the sequential survey. Another 
limitation was the variation in level of information about the technology project across the 
participants since the project was still in its early stages of construction when the interviews were 
conducted.  
 Despite the limitations, the strength of the methodology is that the risk perceptions of key 
stakeholders were elicited to appropriately inform the risk assessment process of the study. These 
perceptions added meaningfulness to the risk assessment process. Otherwise, the resulting 
assessment may be quite inaccurate (Slovic 2000). The study methodology enhanced understanding 
of the implementation process in ASM by examining meaningful insights and context by rigorously 
measuring trends, prevalences and outcomes (Creswell and Clark 2007).  
 The study methodology exemplified that despite high complexity of the ASM context, 
stakeholders can provide their diverse perceptions and understanding these perceptions can be used 
to improve the implementation process for new technology. It demonstrated a multi-layer analysis 
that involved examining divergence of perceptions before finally aiming for convergence of 
evidence-based insights (Warner 2007). 
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8.3 Risk Management in ASM and Related Recommendations 
It was established in this study that stakeholder risk perceptions may not necessarily be based on 
scientific information. Understanding the limitations of the traditional risk management approaches 
in ASM enhances the potential use of a risk management framework that is more appropriate and 
effective in implementing a new technology. 
 It is acknowledged that there is a great deal of literature on project risk management that 
could support the technology towards successful implementation. However, this study goes beyond 
cost overruns and operational specifications of projects and looks at the equally important aspect of 
technology acceptance. It looks further into the resulting adjustment pattern among stakeholders by 
recognising the risks that matter and understanding their respective motivational needs. This is not 
only management of project but also management of people and their risk perceptions. 
 The fact that risk perceptions in ASM is focused on economic benefits points to the need to 
make capital and operating costs relating to technology affordable to the miners. Through the multi-
stakeholder platform, all key stakeholder groups should be involved early in the decision-making 
process starting with planning. 
 In communicating risk, the communicator should establish credibility and trustworthiness. 
The platform of risk communication should be two-way between scientific experts and the ASM 
communities. It should be open to accommodate valid criticisms and community feedback on 
whether it is appropriate enough to help the public gain perspective about the risks and the 
associated decisions that must be made. 
8.4 Future Research 
The risk-based methodology developed in this study was able to capture insights that are 
appropriate to the Philippine ASM context, broadly speaking. However, the primary step in the risk 
management process, which is establishing the context, can be made more refined and more specific 
for each ASM site, province or region. The more specific, the better.  
 Future research coming forth from this study can include adding further in-depth qualitative 
analysis to enhance understanding of respective stakeholder perceptions. Methods can also be 
explored to improve comprehension of political risks and grasp common themes that are useful to 
risk management. Methods can also extend to include cross case analysis, drawing on case studies 
or longitudinal studies of the application and further development of the risk-based approach across 
different ASM provinces. Such studies could also provide evidence to suggest practical means by 
which stakeholder groups transition from basic project management to deliberate risk management 
with a multi-stakeholder platform. This platform requires skilful facilitation to be effective but 
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when it does work, it can bring sustainable success to the implementation process. Once the 
technology is fully implemented, a follow-up study is recommended to validate predictions. Such 
follow-up study can be conducted after the technology has been deployed to investigate the key 
factors that facilitated or hindered its implementation and to crosscheck them against the predictions 
of this study.  
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Appendix A 
Contains the ethics approval notification and human ethical clearance checklist. 
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Submission of Research Protocols for Human Ethical Clearance 
APPLICATION CHECKLIST 
 
This checklist is supplied for use as an additional means of ensuring all aspects of the proposed study have been 
considered and adequately detailed before submission to a reviewing Committee.  A copy should be attached to 
the original application form for the reviewing Committee to support your submission. 
 
Project Title:  Integration of risk management and OHS into mechanised gold processing plants in 
artisanal and small scale mining (ASM) communities in the Philippines 
 
Principal Investigator: Gernelyn Logrosa  
 
Participant Information Sheet (PIS) 
 YES NO IF NO, WHY? 
1.   Version for each participant 
      group (if applicable) 
x   
2.   On letter-headed paper  
     (if applicable) 
x   
3.   Full title of project x   
4.   Lay title of project   
       (if  applicable) 
   
5.   Names, positions, & 
      affiliations of all investigators 
x   
6.   Clear purpose of study x   
7.   Non-technical language - 
      appropriate lay language and              
length for PIS 
x   
8.   Details of participation/ 
       procedures 
x   
9.   Duration of participation x   
10. Location for participation x   
11. Risks outlined  
      (% explanation needed?) 
x   
12   Benefits to participants x   
13 What support if something goes 
         wrong 
    x The data collection process is plain 
observation and no intervention whatsoever. 
14. Statement that participation is    
      entirely voluntary and that 
      participants are free to withdraw 
      without penalty 
x   
15. Assurance of confidentiality x   
16. Access to results x   
17.  Debriefing x   
18. Reimbursement to participants (if 
        any) 
 x  
19. Contact details for further  
      questions  
x   
20. Ethical Clearance Paragraph 
      (refer next page) 
x   
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Participant Consent Form (PCF) 
 YES NO IF NO, WHY? 
1.   Version for each participant 
      group (if applicable) 
x   
2.   Full title of project x   
3. Lay title of project 
(if applicable) 
x   
4.   Names, positions, & 
      affiliations of all investigators 
x   
5.   Provision of space for full 
      name of participant 
x   
6.   Written declaration of 
informed consent, eg, 
“I have read/“I understand…” 
 
Also space for recording verbal 
consent 
x   
7.   Freedom to withdraw 
without penalty 
x   
8.   Assurance of confidentiality x   
9.   Provision for signature of 
participant and date 
x   
10. Provision for signature of    
      parent/guardian, relationship to  
      Participant, and date (if 
       applicable) 
 x The participants are adults. 
 
 
 
 
 
University of Queensland Ethical Clearance Paragraph 
The following paragraph is to be incorporated into all Participant Information Sheets given to participants in 
human research: 
 
"This study adheres to the Guidelines of the ethical review process of The University of Queensland and the 
National Statement on Ethical Conduct in Human Research. Whilst you are free to discuss your participation 
in this study with project staff (contactable on .......................), if you would like to speak to an officer of the 
University not involved in the study, you may contact the Ethics Coordinator on 3365 3924.” 
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Appendix B 
Interview Questionnaire 
 
Questions Example of Planned Prompts 
 
 
1. What are your thoughts about the way ASM 
process their gold ores? (current process) 
 
✓ including both manual and mechanised 
techniques 
 
 
❖ For technical experts 
- Have you had the chance to visit ASM communities? What did you observe?  
- What do you think are the health and safety risks: 
- to individuals? 
- to communities?  
- What do you think are the impacts of this ASM way of gold processing to household 
income, regional revenue and national revenue? 
- What do you think are the impacts of the way ASM process their gold now to the 
environment? 
- Does this current system of techniques have a good side that is favourable to the ASM 
gold miners? How? 
 
❖ For government representatives 
- Have you had the chance to visit ASM communities? What did you observe?  
- What do you think are the health and safety risks: 
- to individuals? 
- to communities?  
- What do you think are the impacts of this ASM way of gold processing to household 
income, regional revenue and national revenue? 
- What do you think are the impacts of the way ASM process their gold now to the 
environment? 
- Does this current system of techniques have a good side that is favourable to the ASM 
gold miners? How? 
 
❖ For advocate groups 
- Have you had the chance to visit ASM communities? What did you observe?  
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- What do you think are the health and safety risks: 
- to individuals? 
- to communities? 
- What do you think are the impacts of this ASM way of gold processing to household 
income, regional revenue and national revenue? 
- What do you think are the impacts of the way ASM process their gold now to the 
environment? 
- Does this current system of techniques have a good side that is favourable to the ASM 
gold miners? How? 
 
❖ For AS miners  
- How does a usual day at your work in the ASM gold processing site look like? 
- Can you describe to me some of the difficulties you experience in doing your work? 
- Which among those you mentioned related to your work makes you worried in terms of 
getting hurt or causing harm to yourself, your family or your work? 
- Do you think other AS miners worry about these same things? 
- What are your ways to avoid getting yourself hurt? 
- How do you avoid injury? 
- Are you satisfied with the way things are in your work in terms of health and safety? 
 
- What do you think are the impacts of your current way of gold processing to household 
income, regional revenue and national revenue? 
- What do you think are the impacts of your current way ASM process their gold now to 
the environment? 
2. What are your thoughts about the 10 metric tonne 
per day gold plant that [technology provider’s 
name] is constructing to help the small scale 
miners in the country?  
 
❖ For technical experts 
- Like any forms of technology or activity, this innovative gold processing plant may have 
associated OHS risks that might affect the ASM gold miners, what is your role in 
dealing with such risks in order to protect the ASM communities? 
- Do you have measures in place to ensure health and safety is complied during the 
implementation/operation? 
- What proactive measures do you consider to mitigate early the potential OHS risks that 
can affect the ASM communities? 
- How do you make sure that this project will have positive health and safety outcomes?  
- From hindsight, are there amendments at the proposal level of the project which you 
could have done differently to make it safer for people? 
- Based on your insights regarding ASM and their processing, what benefits can the AS 
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gold miners get from alternative technologies from government projects?  
- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
- What benefits can the ASM community get from the alternative technology: 
- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
- Are there any risks or uncertainties in using alternative technology, like this new plant, 
to the ASM? 
- What threats can the ASM gold miners expect from the alternative technology? 
- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
- What threats can the ASM community expect from this plant? 
- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
 
❖ For government representatives 
- Is this similar with your department’s objectives? 
- Based on your insights regarding ASM and their processing, what benefits can the AS 
gold miners get from alternative technologies from government projects?  
- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
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- What benefits can the ASM community get from the alternative technology: 
- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
- Are there any risks or uncertainties in using alternative technology, like this new plant, 
to the ASM? 
- What threats can the ASM gold miners expect from the alternative technology? 
- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
- What threats can the ASM community expect from this plant? 
- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
 
❖ For advocate groups 
- Is this similar with your department’s objectives? 
- Based on your insights regarding ASM and their processing, what benefits can the AS 
gold miners get from alternative technologies from government projects?  
- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
- What benefits can the ASM community get from the alternative technology: 
- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
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- Are there any risks or uncertainties in using alternative technology, like this new plant, 
to the ASM? 
- What threats can the ASM gold miners expect from the alternative technology? 
- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
- What threats can the ASM community expect from this plant? 
- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
 
❖ For AS miners 
- To what extent are you willing to accept and use a centralised 10MTD gold processing 
plant designed by academic institutions and funded by the government?  
- To what extent are you willing to welcome and apply an OHS risk management 
program/system/model to improve your gold processing technique? 
- Based on your insights regarding ASM and their processing, what benefits can you get 
from alternative technologies from government projects?  
- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
- What benefits can the your ASM community get from the alternative technology: 
- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
- Are there any risks or uncertainties in using alternative technology, like this new plant, 
to the you? 
- What threats do you expect from the alternative technology? 
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- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
- What threats can your ASM community expect from this plant? 
- Health and safety? 
- Production-wise/in terms of technical operation? 
- Socially? 
- Financially? 
- Environmentally? 
 
3. Who are the stakeholders/ important people and 
what role might they play in supporting or hindering 
any project relating to ASM? 
-     What is important to each group: 
- Health and safety? 
- Production-wise/in terms of operating the plant? 
- Socially? 
- Financially? 
- Environmentally? 
- Politically? 
- What do you think should the government do to make the work in ASM in terms of gold 
processing safer for the miners and their families? 
4. Reflecting on the process to date, 
• What went well? 
• What could have been done better? 
• What wasn’t done but would be worth doing 
next time? 
 
(Participant may discuss the particular project he/she is 
involved) 
 
- What do you think should the ASM gold miners, operators and/or labourers do to make 
their work in gold processing safer and promote good health for themselves and their 
families? 
- What do you think should the government do to make work in ASM gold processing 
safer and promote good health for the ASM gold miners and their families? 
 
5. Technology acceptance 
a. What has been your level of engagement in this 
project? 
 
b. With this level of engagement with the ASM gold  
miners, if applicable, to what extent will the ASM gold 
- How confident are you on this matter? 
- How can you encourage them to use this process technology? 
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miners accept and use this project? Why or why not? 
 
c. Do you think this might change with time? 
 
6. How does the government/regulator maintain its role 
as part of huge and pioneering projects like this? 
 
(among collaborators and stakeholders) 
 
- How do you maintain your role as part of the government/regulator in huge and 
pioneering projects like this? 
7. Do you think this 10MTD mechanised and 
centralised gold processing plant can solve some issues 
in ASM in the country which have persisted for a long 
time? 
 
Can you give me some examples?  
 
Do you think it may also create new set of issues? 
Please elaborate. 
 
- How can this impact the social issues around ASM? 
- How can this impact the environmental issues around ASM? 
- How can this impact the regulatory issues around ASM? 
8. What should be included to help assess and manage 
a successful and sustainable implementation of any 
government project that offers alternative technology? 
 
- What are your recommendations, suggestions and comments for this risk management 
model? 
9. Based on what you have witnessed during your 
work, how do you describe in your own words or 
define small scale gold processing? How does this 
differ from artisanal gold processing? 
- How does this differ from the artisanal mining in other countries? (if appropriate) 
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Appendix C 
Forced-rating survey questionnaire 
A. Please rate the following domains in terms of artisanal and small scale gold processing in the Philippines/ Benguet/ 
Agusan del Norte/ Compostela Valley from numbers 1-6. 
6 - as the highest risk priority/highly relevant to your stakeholder group  
1 – as the lowest risk priority/slightly relevant to your stakeholder group 
______ Effects to nearby rivers and natural resources like the forest trees 
______ Economic gain and profit money 
______ Protection from injuries and physical hurt in the processing site  
______ Protection from sickness due to chemicals used in processing gold 
______ Information, training and technology for more effective processing of gold 
______ Welfare and harmony among neighbors and the overall community including the Indigenous 
people  
 
B. Please rate the following domains in terms of artisanal and small scale gold processing in the Philippines/ Benguet/ 
Agusan del Norte/ Compostela Valley from numbers 1-6. 
6 - as the risk domain that demands more attention for assistance/solutions/intervention from government and 
other donor organisation 
1 – as the risk domain that demands slight attention/solutions/intervention for assistance from government and 
other donor organisation 
______ Environment 
______ Economic gain 
______ Health at work  
______ Work Safety 
______ Technical solutions 
______ Social Impacts 
 
C. Is there a program that manages health and safety risks in artisanal and small scale mining processing in the 
Philippines/ Benguet/ Agusan del Norte/ Compostela?             YES or NO or NOT SURE 
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D. Is there a need for a program that manages health and safety risks in artisanal and small scale mining processing in 
the Philippines/ Benguet/ Agusan del Norte/ Compostela?             YES or NO or NOT SURE 
 
 
Participant Name:  
  
Signature:  Date:  
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Appendix D 
Actual verbatim transcriptions from interviews that were translated in English and used for this 
thesis. 
 
T-009: Oo.  Tingnan mo to.  O 88%.  Laki.  Hindi regulated yan.  Tingnan mo tong kinompile ko 
na.... na-identify namin yung gold-rush areas.... ito karamihan, lahat ito, dito sa CARAGA, dalawa 
lang yung na-declare na minahang bayan.  Isa yung nasa Dinagat, saka yung isa sa Agusan Sur.Kasi 
ang problema rin dito, yung mga large-scale mining, hindi din nagbibigay ng procedural 
requirement na before madeclare na minahang bayan hihingi muna ng clearance dun sa large scale. 
NG-005: Kaya sabi ko nga, kung na-implement sana lahat at walang pasaway na small scale, wala 
sana tayong problema. Yung sa small scale miners yung mga workers na yan, workers lang yan eh.  
Parang factory workers din yan eh…[..]..  Pumunta ka sa Diwalwal, maybe more than 50% of them 
are workers.  They may have been paid more than the laborers in Metro Manila or anywhere else, 
but still, they are just (inaudible) workers... konti lang naman yumaman na small scale eh.  Yung 
mga financers, di ba? 
T-008: Yes ma'am. Really, the regulatory that has jurisdiction over this small scale miners and 
operators are the local government, so yung ginagawa ng regional office is parang tumutulong na 
lang sa local government.  Pero ganun din, majority ng permits, nasa governor ma'am.   
S-003: Ang maganda sa LGU sa totoo lang.. syempre botante nila yan so we have to understand the 
political implications. Tapos sila din yung frontline organisations kasi marami na ring devolved 
agancies. So sa akin naman in terms of stakeholdership talagang. I will put premium dun sa LGUs. 
Pero ang malaking issue na binabato sa kanila yung regulation. Kasi right now if you look at the 
mining industry. Sa ngayon talaga awayan ng large scale at ng small scale. Ang sa large scale the 
fact that it is being approved in the national level tapos malaki na binayad mo dun, below the table 
and above the table. Tapos di ka makapasok kasi merong mga local policies against open-pit mining 
for example. sao maintindihan mo rin yung concern. 
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T-008: Kasi sila po ang nag-spearhead nito ma'am eh.  Wala po akong idea na nag-reach out po sila 
dito sa samin.  Yung Bureau of Mines, we’re asked to... di naman critique, yung ano nga, yung sa 
panel, kung ano ba yung viability nitong project na to, parang ganun.  Ang pagkakaalam ko lang, 
yun po yung role ng MGB pero yung mismong let’s work together, ah what can we do?, wala po 
akong idea na merong ganun po.  Tingin ko lang po. 
SSA-411: Kami diri sa area namo diri, murag expert na mi sa pamulawan, master na pud ka. Dili 
ingon na bag-o pa ka nagsulod. Mao man among panginabuhi diri busa pa safety jud sya. Kung 
naay sipyat, dili kayo. Dili gyud ingon na… 
SSA-412: Dili man gud pareha sa laing area sa Diwalwal nga, open, bangag-bangag. Diri dili man. 
Safety diri. Wala pay record diri. Kasagaran sa madisgrasya mga dayo. Mga taga diri dili kay maka-
antigo man mi. magtanaw mi sa yuta..  experience ba. mao na among depensahan. 
SSA 413: Ang mga safety na mga abantero mga tag-Cabadbaran sa Diwalwal; Kung naay mga 
rescue Cabadbaranon…. Pananglitan sa una, naay grupo ninyo. Naay financier, kung unsay 
mahitabo sa inyong grupo or team ang financier ang managot mao nang palitan ka niyag butas, 
mining hat for safety. Kay sila man gihapon managot, sila may gastos. 
SSB-009:  I think safety is not weak.  It is regulated.  Nasa tao na yun.  meron yung minero na sige, 
pabanat-banat, ganun naman  We're teaching them na, before we took up this.  You start praying 
first before you enter the compound.  Or might as well, before you leave your house, you start 
praying then focus to your work. 
ASC-001: Nagakuan sila sa una.. mercury. Wala-on ang mercury kay cyanide na lang. Largo palata 
ba. Unya kay dili baya pwede ma-ingon ana kay kanag is aka bag diay nimo imo diay nang iplanta? 
Butangan ug cyanide? Edi mas mayo tong mercury kay pagkahuman sa hapon bugas na dayon. Diri 
mga 6 hours bugas naka naa na kay sud-an. Di man na pwede walay planta (mercury) isa ka duha 
aka bags tulo. Kay magplanta ka gatos-gatos man jud. 
ASC-001: Kung mutabang sila, kumpletuhon na lang nila gikan sa tunnel. Lubos luboson na lang 
nila. Mag-invest ang government sa tunnel sa mining kay mining naman jud ning diri-a. 
  
202 
NG-006: First is hindi kami nag-FPIC sa ngayon sa mga areas outside of the minahang bayan.  
Hindi na papadaanin yan.  Otherwise we might be involving the commission as an accessory to the 
crime, kasi krimen yun.  Pero even if there would be good alternative ways of, or becoming the 
processed gold, still meron pa ring FPIC.   
LGA-022: Pero if ore feed wise, since its a consortium of 8 barangay so the feed will be sustained 
LGB-013: Una, siguro yung bulk ng ore na ipaprocess, 10 MT, marami marami yun. Pagkatapos, 
yung processing is chemical-free, so ibig sabihin maganda sa environment.  
Because they have the technical expertise and they have the experience. 
LGB-015: nagkaroon din ng delay sa implementation ng construction because of the rainy season 
NG-008: Big accomplishment, the design. Completion of the design. I haven’t seen it personally so 
kinakabahan pa ko... Wala pa kong nakikitang output sa yung sa [new technology]. But this October 
they will start operating the Benguet plant and I want to see it and see gold produced. 
LGA-016: And I think what is very critical is the supply of raw materials, yung ore. Kasi it takes 
around 15 tons a day so that’s quite a lot, 15 tons a day. So if you will not come up with 15 tons a 
day, so parang lugi tayo operation. 
LGA-022: Our initial understanding was that we can process waste material (from initial gold 
processing step) then they said fresh ore… Ang bina namo diri “sinambag” usahay mudako, usahay 
mugamay...... Taas ug assay pero Ang kuan lang namo mam. Unta dili tanan fresh ore feed ipakaon. 
Unta pwede waste namo gikan sa rod mill tutal wala man mi naggamit ug mercury.  
NG-003: Pero ang assessment ko, ako lang ha, when you say an alternative, it should be a process 
that will really substitute or that will be another path na ma- attain pa rin nya kung ano yung na- 
achieve nya ngayon di ba. Kasi ang ano nya ngayon di ba nag ano sya ng mercury, kung ano- ano 
dyan, come up yata with the final ano yung gold nuggets, maliliit na gold, yun ang ano nya di ba. 
Itong inaaral namin is we want to really come up with a process that will bring us to the point na 
kung ano yung napo- produce nya ngayon. So medyo may challenge kasi ang pinakamadaling 
paraan na pag-process nya is what the small scale miners are already doing right now 
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LGA-018: So ang location ng plant questionable pa plus ang tailings [waste] dapat yung plant I 
establish sa well defined na mineral processing zone at ma-define kung saan papunta ang tailings. I-
consider yun sa design. Bali yung latest technology pa ang ginagamit nila normally ginet nila sa 
abroad. 
T-011: Yun nga din ang pinoproblema ko pagka maging white elephant. 
 
 
 
